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(54) Multi-wavelength optical batch amplKication apparatus 



(57) The Invention provides a multi-wavelength opti- 
cal batch amprrfication apparatus wherein, upon batch 
amplification of a multi-wavelength input optical signal, 
the powers of optical signals on the input and output 
sides of an optical amplifier are monitored totally or indi- 
vidually to control the powers of optical signals of the 
output optical signal of the optical amplifier so that they 
may be fixed equally. The apparatus includes an entire 
input light detection section (7) for monitoring the power 
of the entire input optical signals on the input side of the 
optical amplifier (4), an Individual output light detection 



section (8) for monitoring the powers of the output opti- 
cal signals on the output side of the optical amplifier (4). 
an optical amplifier output adjustment section (9) for 
adjusting the output of the optical amplifier (4), and a 
control section (10) for controlling the optical amplifier 
output adjustment section (9) based on results of detec- 
tion by the entire input light detection section (7) and the 
individual output light detection section (8) so that the 
powers of the output optical signals on the output side of 
the optical amplifier (4) may be fixed equally. 
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Description 

BACKGROUND OF THE INVENTION 

1. RekJ of the Invention 

This invention relates to a muiti-wayelength optical 
batch amplification apparatus. 

2. Description of the Related Art 

In an optical communication field in recent years, a 
technique of multiplexing and transmitting a plurality of 
input optical signals of different wavelengths has been 
and is being investigated energetically, and also devel- 
opment of a multi-wavelength optical batch amplification 
apparatus which amplifies a plurality of input optical sig- 
nals of different wavelengths in a batch has been and is 
being performed rapidly. 

Actually, however, the gain to input optical signal 
wavelength characteristic of an optical amplifier is not 
flat, and when a plurality of input optical signals having 
different wavelengths are amplified in a batch, the gains 
of the wavelengths of the input optical signals rely upon 
the total number, the wavelengths, the powers and so 
forth of input optical signals. 

Consequently, the optical anplif ier exhibits a very com- 
plicated behavior. 

Therefore, a multi-wavelength optical batch amplif i> 
cation apparatus is demanded which can amplify input 
optical signals having different wavelengths from each 
other in a batch so that the powers of output optical sig- 
nals may equally exhibit a desired output value without 
being influenced by the conditions of the input optical 
signals. 

FIG. 33 shows in block diagram a construction of an 
ordinary multi-wavelength optical batch amplification 
apparatus. Referring to FIG. 33. the multi-wavelength 
optical batch amplification apparatus shown includes a 
plurality of optical signal sources (E/O) 100-1 to 100-N 
(N Is a natural number), a wavelength multiplexing 
(WDM) wave combiner 101, two couplers (CPL) 102 
and 107. two isolators (ISO) 103 and 106, an eibium 
doped fiber (EDF) optical amplifier 104. a wave com- 
biner 105, two photodiodes (PD) 109 and 110, a laser 
diode (LD) 111, and an automatic level control (ALC) 
circuit 112. 

The optical signal sources 100-1 to 100-N output 
optical signals having different wavelengths X1 to Xn (n 
being a natural number) from each other. The WDM 
wave combiner 101 combines the optical signals of the 
different wavelengths from the optical signal sources 
100-1 to 100-N to multiplex them in wavelength. Each of 
the couplers 102 and 107 branches an optical signal 
inputted tiiereto. 

Each of the isolators 103 and 106 removes, from an 
optical signal from the WDM wave combiner 101 or the 
wave combiner 105. ndse components caused by an 



insertion loss of the WDM wave combiner 101 or the 
wave combiner 1 05 or by reflected light during transmis- 
sion of tiie optical signal. The EDF optical amplifier 104 
amplifies component optical signals of a wavelengtii 

5 multiplexed signal from the WDM wave combiner 101 in 
a batch to a desir^ power The wave corrtf>lner 105 
combines the output of the EDF optical amplifier 104 
and the output of the laser diode 111. 

Further, each of the photodiodes 109 and 110 pro- 

10 duces an electric signal corresponding to the power of 
an optical signal branched by the coupler 102 or 107. 
The laser diode 111 generates pumping light to be com- 
bined with the output of the EDF optical amplifier 1 04 by 
the wave combiner 105. The ALC circuit 112 performs 

15 feedksack control of tfie EDF optical amplifier 104 based 
on the outputs of the photodiodes 109 and 1 10 so that 
the output of the EDF optical amplifier 104 may be fixed. 

In the multi-wavelength optical batch amplification 
apparatus having the construction described above, a 

20 plural'tty of optical signals having different wavelengths 
(XI to Xjfi) from the optical signal sources 100-1 to 100- 
N are multqdiexed in wavelength by the WDM wave com- 
biner 101 and inputted by way of the coupler 102 and 
the isolator 103 to the EDF optical amplifier 104, tjy 

25 which the component optical signals of the wavelength 
multiplexed optical signal are anpiified in a batch to a 
desired power. 

The optical signal amplified by tiie EDF optical 
amplifier 104 in this manner is combined with purrping 

30 light from the laser diode 111 by the wave combiner 1 05 
so that a wavelengtii multiplexed optical signal 
{X^ ■¥X2 + ... +Xn ) wherein the optical signals are indi- 
vidually amplified to the desired power is obtained by 
way of the isolator 106 and the coupler 107. 

35 By the way. the optical signal branched by the cou- 
pler 107 is converted into an electric signal correspond- 
ing to the total power of the component optica: signals of 
the output optical signal then fc>y the photodiode 110, 
and tiie electric signal is inputted to the ALC circuit 112. 

40 The ALC circuit 112 controls the output of the laser 
diode 1 1 1 based on the output of tiie photodiode 1 1 0, 
that Is. based on the total power of the output optical 
signal, to perform feedback control so that the output of 
the EDF optical amplifier 104 may be fixed, ft is to be 

45 noted that also the optical signal branched by the cou- 
pler 102 is converted into an electric signal in accord- 
ance with the power of the optical signal by the 
photodiode 109. and the electric signal is inputted to the 
ALC circuit 112. in this instance, the electric signal is 

so supplied as input light interruption information of the 
output of zero when an input optical signal or signals are 
interrupted. 

Howes/er, with the multi -wavelength optical batch 
anrplif ier described above, since the power control of an 
55 output optical signal is formed by way of ALC continol of 
the total power of the component optical signals of the 
output optical signal having the wavelengths from XI to 
Xn. when some of the input optical signals enter into an 
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interrupted condition, the output optical signal varies per 
one wave by 

AP = 10 • log[K/(K-F)] (1) 

where K is an initial number of signals, and F is a 
number of interrupted signals. In this instance, it is 
assumed that the EDF optical amplifier 104 has no 
wavelength characteristic. 

In particular, for example, when three optical sig- 
nals of wavelengths X^ to X3 are being outputted 
equally with a desired output power as seen in FIG. 
34(a), if the input optical signal of the wavelength XZ 
enters into an interrupted condition, then the powers of 
the other output optical signals of the wavelengths X.1 
and X2 rise as seen in FIG. 34(b). Then, if also the input 
optical signal of the wavelengfri X2 enters into an inter- 
rupted condition, then the power of the output optical 
signal of the wavelength X^ further rises as seen in FIG. 
34(c). Consequently, no output optical signal of the 
desired power can be obtained any more. 

Also multi-wavelength optical batch amplification 
apparatus have been proposed which can suppress 
such variation of the output optical signal power per one 
wave as described above. An exenrplary one of multi- 
wavelength optical batch amplification apparatus of the 
type just mentioned is shown in FIG. 35, Referring to 
FIG. 35. the multi-wavelength optical batch amplification 
apparatus shown includes, in addition to a plurality of 
optical signal sources 100-1 to 100-N. an optical signal 
source 100-M (M > N) which outputs a control optical 
signal having a wavelength Xrr\ (m > n). \Nhen one of the 
input optical signals enters into an interrupted condition, 
the variation of the output optical signal power per one 
wave is suppressed using the control optical signal from 
the optical signal source 100-M. It is to be noted that, in 
FIG. 35. those elements denoted by like reference char- 
acters to those of FIG. 33 are similar to those described 
hereinabove with reference to FIG. 33. 

However, the mufti-wavelength optical batch ampli- 
fication apparatus described hereinatX3ve with refer- 
ence to FIG. 33 as well as the multi-wavelength optical 
batch amplification apparatus described hereinat)Ove 
with reference to FIG. 35 are disadvantageous in sev- 
eral points. In particular, the multi-wavelength optical 
batch amplification apparatus shown in FIG. 33 is disad- 
vantageous in that it is low in resisting property to a 
power variation (including an interrupted condition) of 
input optical signals. In particular, if all of the input opti- 
cal signals of the wavelengths from XI to Xn exhibit var- 
iations by an equal level, ti^en the output powers of the 
component optical signals of the output optical signals 
can be made equal to each other to some degree, but in 
any otfier case, it is almost impossible to make tiie out- 
put powers of the component optical signals of the out- 
put optical signal equal to each other. 

Meanwhile, with the multi-wavelength optical batch 
amplification eipparatus shown in FIG. 35. the output 
power variations of component optical signals of an out- 



put optical signal which occur when some of input opti- 
cal signals enter into an interrupted condition can be 
suppressed to some degree using the control input opti- 
cal signal (wavelength Xm) from the optical signal 

5 source 100-M. However, if tiie confrol optical signal 
enters into an interrupted condition, then the power con- 
trol of the output optical signal is still disabled. 

It seems a possible idea to use the control optical 
signal of the wavelength Xm as an optical signal for 

10 exclusive use for controlling the output optical signal 
power. However, from the object of wavelength multi- 
plexing which is employed in order to assure an 
enlarged transmission capacity, it should be avoided to 
use one wavelength only for output control in this man- 

75 ner 

Further, the multi-wavelength optical batch amplifi- 
cation apparatus are effective only when it is assumed 
that, upon multi-wavelength batch amplification by the 
EDF optical anplifier 104, the gain tilt thereof is free 
20 from input optical signal wavelength dependency, input 
optical signal power dependency and pumping light 
power dependency. In any other case, however, it is 
very difficult to control tiie output optical signal powers 
of different wavelengths strictly equal to each other. 

25 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
multi-wavelength optical batch ampliffcation apparatus 

30 wherein, upon batch amplification of a plurality of input 
optical signals having different wavelengtiis from each 
other, the powers of optical signals on the input side and 
the output side of an optical amplifier are monitored 
totally or individually to control the powers of optical sig- 

35 nals of the output optical signal on the output side of tiie 
optical amplifier uniformly to an equal level. 

In order to attain the object described above, 
accoixling to an aspect of the present invention, there is 
provided a multi-wavelength optical batch amplification 

40 apparatus, comprising a plurality of optical signal 
sources for outputting a plurality of optical signals hav- 
ing different wavelengths from each other, a plurality of 
optical signal input lines for transmitting the optical sig- 
nals of the different wavelengths from the optical signal 

45 sources, a wave combiner for combining the input opti- 
cal signals from the optical signal input lines into a multi- 
wavelength optical signal, an optical amplifier for ampli- 
fying the multi-wavelength optical signal from the wave 
combiner in a batch, entire input light detection means 

so for monitoring a power of the entire input optical signals 
on the input side of the optical amplifier, individual out- 
put light detection means for monitoring a power of the 
output optical signal on the output side of the optical 
amplifier for the individual different wavelengths, optical 

55 amplifier output adjustment means for adjusting the out- 
put of the optical amplifier, and control means for con- 
trolling the optical amplifier output adjustment means 
based on results of detection by ihe entire input light 
detection means and the individual output light detec- 
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tlon means so that the power of the output optical signal 
on the output side of the optical amplifier may be fixed 
equally for the individual different wavelengths. 

According to another aspect of the present inven- 
tion, there is provided a multi-wavelength optical batch 
amplification apparatus, comprising a plurality of optical 
signal sources for outputting a plurality of optical signals 
having different wavelengths from each other, a plurality 
of optical signal input lines for transmitting the optical 
signals of the different wavelengths from the optical sig- 
nal sources, a wave combiner for combining the input 
optical signals from the optical signal input lines into a 
multi-wavelength optical signal, an optical amplifier for 
amplifying the multi-wavelength optical signal from the 
wave combiner in a batch, individual input light detec- 
tion means for monitoring powers of the input optical 
signals on the input side of the optical amplifier, entire 
output light detection means for monitoring a power of 
the entire output optical signal on the output side of the 
optical amplifier, optical amplifier output adjustment 
means for adjusting the output of the optical amplifier, 
and control means for controlling the optical amplifier 
output adjustment means based on results of detection 
by the individual input light detection means and the 
entire output light detection means so that the power of 
the output optical signal on the output side of the optical 
amplifier may be fixed equally for the individual different 
wavelengths. 

According to a further aspecft of the present inven- 
tion, there is provided a multi-wavelength optical batch 
amplification apparatus, comprising a plurality of optical 
signal sources for outputting a plurality of optical signals 
having different wavelengths from each other, a plurality 
of optical signal input lines for transmitting the optical 
signals of the different wavielengths from the optical sig- 
nal sources, a wave combiner for combining the input 
optical signals from the optical signal input lines into a 
multi-wavelength optical signal, an optical amplifier for 
amplifying the multi-wavelength optical signal from the 
wave combiner In a batch, individual input light detec- 
tion means for monitoring powers of the input optical 
signals on the input side of optical amplifier, individual 
output light detection means for monitoring a power of 
the output optical signal on the output side of the optical 
amplifier for the individual different wavelengths, optical 
amplifier output adjustment means for adjusting the out- 
put of the optical annplifier, and control means for con- 
trolling the optical amplifier output adjustment means 
based on results of detection by the individual input light 
detection means and the individual output light detec- 
tion means so that the power of the output optical signal 
on the output side of the optical amplifier may be fixed 
equally for the individual different wavelengths. 

Accordingly, with the multi-wavelength optical batch 
amplification apparatus according to the aspects of the 
present invention desaibed above, since the power of 
the output optical signal can be controlled so that it may 
be fixed equally for the individual different wavelengths, 
they are advantageous in that, when the power of an 



optical signal of a certain wavelength from among the 
input optical signals drops, an output optical signal hav- 
ing an equal power can be obtained for the different 
wavelengths. 

5 According to a still further aspect of the present 

invention, there is provided a multi-wavelength optical 
batch amplification apparatus, conprising a plurality of 
optical signal sources for outputting a plurality of optical 
signals having different wavelengths from each other, a 

10 plurality of optical signal input lines for transmitting the 
optical signals of the different wavelengths from the 
optical signal sources, a wave combiner for combining 
the input optical signals from the optical signal input 
lines into a multi-wavelength optical signal, an optical 

15 amplifier for amplifying the multi- wavelength optical sig- 
nal from the wave combiner in a batch, individual input 
light detection means including a tunable optical filter for 
monitoring powers of the input optical signals on the 
input side of the optical amplifier, optical amplifier output 

20 adjustment means for adjusting the output of the optical 
amplifier, and control means for controlling the optical 
amplifier output adjustment means based on a result of 
detection by the individual input light detection means 
so that the power of the output optical signal on the out- 

25 put side of the optical amplifier may be fixed equally for 
the individual different wavelengths. 

Accordingly, with the multi-wavelength optical batch 
amplification apparatus according to the aspect of the 
present invention just described, since the power of the 

30 output optical signal on the output side of the optical 
amplifier can be controlled so that it may be fixed 
equally for the individual different wavelengths, it is 
advantageous in that, when the power of an optical sig- 
nal of a certain wavelength from among the Input optical 

35 signals drops, an output optical signal having an equal 
power can be obtained for the different wavelengths 
with a simpler construction. 

Further objects, features and advantages of the 
present invention will become apparent from the follow- 

40 ing detailed description when read in conjunction with 
the accompanying drawings in which like parts or ele- 
ments are denoted by like reference characters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

FIGS. 1 to 4 are block diagrams illustrating different 
aspects of the present invention; 
FIG. 5 is a block diagram showing a construction of 
a multi-wavelength optical batch amplification 
50 apparatus to which the present invention Is applied: 
FIGS. 6(a) to 6(c) are diagrams illustrating opera- 
tion of an tunable optical filter employed in the multi- 
wavelength optical batch amplification apparatus of 
FIG, 5: 

55 FIG. 7 is a block diagram showing a detailed con- 
struction of an ALC circuit of the multi-wavelength 
optical batch amplification apparatus of FIG. 5; 
FIG. 8 is a block diagram showing a detailed con- 
struction of an optical signal identification section of 
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the multi-wavelength optical batch amprificatton 
apparatus of FIG. 5; 

FIGS. 9(a) to 9(c) are diagrams illustrating opera- 
tion of the optical signal identification section of 
FIG- 8: 5 
FIG. 10 is a block diagram showing a modified con- 
struction of the multi-wavelength optical batch 
amplification apparatus of FIG. 5; 
FIG. 1 1 is a block diagram showing a detailed con- 
struction of the optical signal identification section io 
of the multi-wavelength optical tiatch amplification 
apparatus of FIG. 10; 

FIG. 12 is a block diagram showing another modi- 
fied construction of the multi-wavelength optical 
batch amplification apparatus of FIG. 5; is 
FIG. 13 is a block diagram showing a detailed con- 
struction of the optical signal identification section 
of the multi-wavelength optical batch amplification 
apparatus of FIG. 12; 

FIGS. 1 4 to 1 7 are block diagrams showing different 20 
modified constructions of the multi-wavelength opti- 
cal batch amplification apparatus of FIG. 5; 
FIG. 18 is a block diagram showing a construction 
of another multi-wavelength optical batch amplifica- 
tion apparatus to which the present invention is 2S 
applied; 

FIG. 19 is a block diagram showing a detailed con- 
struction of an optical signal identif ication section of 
the multi-wavelength optical batch amplification 
apparatus of FIG. 1 8; 30 
FIG. 20 is a block diagram showing a modified con- 
struction of the muW -wavelength optical batch 
amplification apparatus of FIG. 18; 
FIG. 21 is a block diagram showing a detailed con- 
struction of the optical signal identification section 3s 
of the modified multi-wavelength optical batch 
amplification apparatus of FIG. 20; 
FIGS. 22 to 24 are block diagrams showing different 
modified constructions of the multi-wavelength opti- 
cal batch amplification apparatus of FIG. 1 8; 4o 
FIG. 25 is a block diagram showing a construction 
of a further multi-wavelength optical batch anplifi- 
cation apparatus to whk;h the present invention is 
applied; 

FIG. 26 is a block diagram showing a detailed con- 45 
struction of an optical signal identification section of 
the multi-wavelength qrtical batch amplification 
apparatus of FIG. 25; 

FIG. 27 is a block cfiagram showing a construction 
of a still further multi^avelength optical batch so 
amplification apparatus to which the present inven- 
tion is applied; 

FIG. 28 is a block diagram showing a detailed con- 
struction of an optical signal identification section of 
the multi-wavelengtii optical batch amplification ss 
apparatus of FIG. 27; 

FIG. 29 is a block diagram showing a modified con- 
struction of tiie multi-wavelength optical batch 
amplification apparatus of FIG. 27; 



FIG. 30 is a block diagram showing a detailed con- 
struction of the optical agnal kientification section 
of tiie multi-wavelength optical batch amplification 
apparatus of FIG. 29; 

FIGS. 31 and 32 are block diagrams showing differ- 
ent modified constructions of tiie multi-wavelengtii 
optical batch amplification apparatus of FIG. 27; 
FIG. 33 is a block diagram showing a construction 
of an ordinary multi-wavelength optical batch ampli- 
fication apparatus; 

FIGS. 34(a) to 34(c) are diagrams illustrating oper- 
ation of the multi-wavelength optical batch amplifi- 
cation apparatus of FIG. 33; and 
FIG. 35 is a block diagram showing a construction 
of another ordinary multi-wavelength optical batch 
amplification apparatus. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

a. Aspects of the Invention 

Different aspects of the present invention will be 
described prior to description of several preferred 
embodiments of the present invention. 

Referring first to FIG. 1 , ttiere is shown in block dia- 
gram a multi-wavelength optical batch amplification 
apparatus according to a first aspect of the present 
invention. The multi-wavelength optical t>atch amplifica- 
tion apparatus shown includes a plurality of cptical sig- 
nal sources 1-1 to 1-N (N is a natural number) for 
outputting a plurality off optical signals having different 
wavelengths from each other, a plurality of optical signal 
input lines 2-1 to 2-N for transmitting the optical signals 
of the different wavelengths from the optical signal 
sources 1-1 to 1-N, respectively, a wave combiner 3, an 
optical amplifier 4, and an optical signal output line 6. 

The multi-wavelength optical batch amplification 
apparatus further includes an entire input light detection 
section 7. an individual output light detection section 8. 
an optical amplifier output adjustment section 9. and a 
control section 10. 

The wave combiner 3 combines input optica! sig- 
nals from the optical signal input lines 2-1 to 2-N into a 
nuriti-wavelength optical signal, and the optical amplifier 
4 anplifies tiie muHi -wavelength optical signal from tiie 
wave combiner 3 in a batch. 

The entire input light detection section 7 monitors 
the power of entire input optical signals on the ir^ut side 
of the optical amplifier 4. The individual output ligfit 
detection section 8 monitors the power of an output opti- 
cal signal on the output side of the optical amplifier 4 for 
the individual different wavelengths. The optical arrpli- 
f ier output adjustment section 9 adjusts the output of the 
optical amplifier 4. The control section 10 controls tiie 
optical amplifier output adjustment section 9 based on 
results of detection by the entire input light detection 
section 7 and the Individual output light detection sec- 
tion 8 so tiiat the power of the output optical signal on 
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the output side of the optica! amplifier 4 may be fixed 
equally for the individual different wavelengths. 

In the multi-wavelength optical batch amplification 
apparatus described above, a plurality of input optical 
signals having different wavelengths from each other s 
from the optical signal sources 1-1 to 1-N are transmit- 
ted through the optical signal input lines 2-1 to 2-N, 
respectively, and combined into a multi-wavelength opti- 
cal signal by the wave combiner 3. The multi-wave- 
length optical signal is amplified in a batch by the optical io 
amplifier 4. 

In this Instance, the entire input light detection sec- 
tion 7 monitors the power of the entire input optical sig- 
nals on the input side of the optical amplifier 4 while the 
individual output light detection section 8 monitors the is 
power of the output optical signal on tiie output side of 
the optical amplifier 4 for the individual different wave- 
lengths. The control section 10 controls the optical 
amplifier output adjustment section 9 based on results 
of the detection so that the power of the output optical 20 
signal on the output side of tiie optical amplifier 4 is 
fixed equally for the individual different wavelengths. 

More particularly, the individual output light detec- 
tion section 8 includes a tunable optical filter to monitor 
the power of the output optical signal on the output side 25 
of the optical amplifier 4 for tiie individual different wave- 
lengths. However, the individual output light detection 
section 8 may alternatively monitor tiie powers of optical 
signals separated from tiie output optical signal on the 
output side of the optical amplifier 4. 30 

Where the individual output light detection section 8 
is constructed particularly as descnbed above, the 
power of the output optical signal on the output side of 
the optical amplifier 4 is monitored for the individual dif- 
ferent wavelengths by the tunable optical fitter. Or, the 35 
powers of optical signals separated from the output opti- 
cal signal on tiie output side of the optical amplifier 4 
can t>e monitored. 

Meanwhile, the optical anplifier output adjustment 
section 9 particularly includes a pumping light source 40 
for the optical amplifier 4, and the control section 10 
controls the pumping light source based on results of 
detection by the entire input light detection section 7 
and the individual output light detection section 8 so that 
the power of the output optical signal on the output side 45 
of the optical amplifier 4 may be fixed equally tor the 
individual different wavelengths. 

In this instance, tiie control section 10 controls the 
pumping ligfit source based on results of detection by 
the entire input light detection section 7 and the individ- so 
ual output light detection section 8. Consequentiy, the 
power of the output optical signal on the output side of 
the optical amplifier 4 can be fixed equally for the Indi- 
vidual different wavelengths. 

Alternatively, tiie optical amplifier output adjustment ss 
section 9 may include an optical signal attenuation sec- 
tion provided for the optical signal input lines 2-1 to 2-N. 
In this instance, the control section 10 controls tiie opti- 
cal signal attenuation section based on the results of 
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detection by tiie entire input light detection section 7 
and tiie individual output light detection section 8 so that 
the power of the output optical signal on the output side 
of the optical anplifier 4 may be fixed equally for tiie 
individual different wavelengths. 

In this instance, the control section 10 controls the 
optical signal attenuation section based on the results of 
detection by tiie entire input light detection section 7 
and the individual output light detection section 8. Con- 
sequentiy, the power of the output optical signal on the 
output side of ttie optical amplifier 4 can be fixed equally 
for the individual different wavelengths. 

The optical signal sources 1-1 to 1-N may individu- 
ally be tormed as adjustable output optical signal 
sources which serve also as the optical amplifier output 
adjustment section 9. In this instance, the control sec- 
tion 10 controls the adjustable output optical signal 
sources fc>ased on the results of detection by the entire 
input light detection section 7 and the individual output 
light detection section 8 so that the power of the output 
optical signal on the output side of the optical amplifier 
4 may be fixed equally for the individual different wave- 
lengths. 

In this instance, the control section 10 controls the 
adjustable output optical signal sources based on the 
results of detection by the entire input light detection 
section 7 and tiie individual output light detection sec- 
tion 8. Consequentiy, the power of tiie output optical sig- 
nal on the output side of tiie optical amplifier 4 can be 
fixed equally for the individual different wavelengths. 

The optical anplifier output adjustment section 9 
may include a plurality of optical signal attenuatbn sec- 
tions for individually adjusting attenuation factors of opti- 
cal signals separated from the output optical signal on 
the output side of tiie optical anplifier 4. In this instance, 
the control section 10 controls the optical signal attenu- 
ation sections based on the results of detection by tiie 
entire input light detection section 7 and ttie individual 
output ligfit detection section 8 so ttet tiie power of tiie 
output optical signal on the ouput side of the optical 
anplifier 4 may be fixed equally for tiie individual differ- 
ent wavelengths. 

In this instance, the control section 10 controls tiie 
optical signal attenuation sections based on the results 
of detection by ttie entire input light detection section 7 
and the individual output light detection section 8. Con- 
sequentiy. the power of the output optical signal on the 
output side of tiie optical amplifier 4 can be fixed equally 
for the individual different wavelengtiis. 

Referring now to FIG. 2. there is shown in block dia- 
gram a multi-wavelength optical batch amplification 
apparatus according to a second aspect of the present 
invention. The multi -wavelength optical batch amplifica- 
tion apparatus shown includes a plurality of optical sig- 
nal sources 1-1 to 1-N (N is a natural number) for 
outputting a plurality of optical signals having different 
wavelengths from each other, a plurality of optical signal 
input lines 2-1 to 2-N for transmitting the optical signals 
of the different wavelengths from the optical signal 
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sources 1-1 to 1-N. respectively, a wave combiner 3. an 
optical amplifier 4, an optical signal output line 6. an 
individual input light detection section 7A. an entire out- 
put light detection section 8A, an optical amplifier output 
adjustment section 9 which is similar to tiiat described 
hereinabove with reference to FIG. 1 , and a control sec- 
tion 10A. 

The individual input light detection section 7A mon- 
itors the powers of the input optical signals on the input 
side of the optical amplifier 4 The entire output light 
detection section 8A monitors the power of an entire 
output optical signal on the output side of the optical 
amplrfier 4. The optical amplifier output adjustment sec- 
tion 9 adjusts the output of the optical amplifier 4. 

The control section 10A controls the optical ampli- 
fier output adjustment section 9 based on results of 
detection l>y the individual input light detection section 
7A and the entire output light detection section 8A so 
that the power of the output optical signal on the output 
side of the optical amplifier 4 may be fixed equally for 
the individual different wavelengths. 

In the mufti-wavelength optical batch amplification 
apparatus of FIG. 2 descrik>ed above, a plurality of input 
optical signals having different wavelengths from each 
other from the optical signal sources 1-1 to 1-N are 
amplified in a l^tch by the optica! amplifier 4. In this 
instance, the individual input light detection section 7A 
monitors the powers of the individual input optical sig- 
nals on the input side of tiie optical amplrfier 4 while the 
entire output light detection section 8A monitors the 
power of the entire output optical signal on the output 
side of the optical amplifier 4. The control section 10A 
controls the optical amplifier output adjustment section 
9 based on results of the detection. Consequentiy, the 
power of the output optical signal on the output side of 
the optical amplifier 4 can be fixed equally for the indi- 
vidual different wavelengths. 

Also in the multi-wavelength optical batch anrpm ica- 
tion apparatus described atove. the individual input 
light detection section 7A may include a tunable optical 
filter to monitor the powers of the input optical signals on 
the input side of the optical amplifier 4. Alternatively, 
however, the individual input light detection section 7A 
may monitor the powers of the input optical signals from 
the optical signal sources 1-1 to 1-N or the optical signal 
input lines 2-1 to2-N. 

Where the individual input light detection section 7A 
is consti-ucted particularly as described above, the pow- 
ers of the input optical signals on the input side of the 
optical amplifier 4 are monitored by the tunable optical 
filter of the individual input fight detection section 7A. Or. 
the powers of the input optical signals from the optical 
signal sources 1-1 to 1-N or tiie optical signal input lines 
2-1 to 2-N are monitored by the individual input light 
detection section 7A. 

The optical amplifier output adjustment section 9 
may include a pumping light source for the optical ampli- 
fier 4. In this instance, the control section 10A controls 
the punping light source based on the results of detec- 



tion by the individual input light detection section 7A and 
the entire output light detection section 8A so that the 
power of the output optical signal on the output side of 
the optical amplifier 4 may be fixed equally for the indi- 
5 vidual different wavelengths. 

In this instance, the control section 1 0A controls the 
pumping light source based on the results of detection 
by the individual input light detection section 7A and the 
entire output light detection section 8A. Consequentiy. 
10 tiie power of the output optical signal on tiie output side 
of the optical amplifier 4 can be fixed equally for the indi- 
vidual different wavelengths. 

Alternatively, the optical amplifier output adjustment 
section 9 may include an optical signal attenuation see- 
rs tion provided for the optical signal input lines 2-1 to 2-N. 
In this instance, the control section 10A controls tiie 
optical signal attenuation section based on the results of 
detection by the individual input light detection section 
7A and the entire output light detection section 8A so 
20 that the power of tiie output optical signal on the output 
side of the optical amplifier 4 may be fixed equally for 
the individual different wavelengths. 

In this instance, the control section 1 0A controls the 
optical signal attenuation section based on the results of 
25 detection by tiie individual input light detection section 
7A and the entire output light detection section 8A. Con- 
sequentiy. the power of tiie output optical signal on the 
output side of the optical amplifier 4 can be fixed equally 
for the individual different wavelengths. 
30 Or, the optical signal sources 1-1 to 1-N may indi- 
vidually be formed as adjustable output optical signal 
sources which serve also as ttie optical amplifier output 
adjustment section 9. In this instance, the control sec- 
tion 10A controls the adjustable output optical signal 
35 sources based on the results of detection by the individ- 
ual input light detection section 7A and tine entire output 
light detection section 8A so tiiat the power of the output 
optical signal on the output side of the optical amplifier 
4 may be fixed equally for the individual different wave- 
40 lengttis. 

In this instance, the control section 1 0A controls the 
adjustable output c^tical signal sources based on the 
results of detection by the individual input light detection 
section 7A and the entire output light detection section 

45 8A. Consequently, the power of the output optical signal 
on the output side of the optical amplifier 4 can be fixed 
equally for tine individual different wavelengths. 

Or else, the optical anplifier output adjustment sec- 
tion 9 may include a plurality of optical signal attenua- 

50 tion sections for individually adjusting attenuation 
factors of optical signals separated from the output opti- 
cal signal on the output side of the optical amplifier 4. In 
this instance, the control section 10A controls the opti- 
cal signal attenuation sections based on the results of 

55 detection by the individual input light detection section 
7A and the entire output light detection section 8A so 
that the power of the output optical signal on the output 
side of the optical amplifier 4 may be fixed equally for 
tiie individual different wavelengths. 
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In this instance, the control section 10A controls the 
optical signal attenuation sections based on the results 
of detection by the individual Input light detection sec- 
tion 7A and the entire output light detection section 8A. 
Consequently, the power of the output optical signal on 
the output side of the optical amplifier 4 cam be fixed 
equally for the individual different wavelengths. 

Referring now to FIG. 3, there is shown in block dia- 
gram a multi-wavelength optical batch annplification 
apparatus according to a third aspect of the present 
inventiorh Also the multi-wavelength optical batch ampli- 
fication apparatus shown includes a plurality of optical 
signal sources 1 -1 to 1 -N (N Is a natural number) for out- 
putting a plurality of optical signals having different 
wavelengths from each other, a plurality of optica! signal 
input lines 2-1 to 2-N for transmitting the optical signals 
of the different wavelengths from the optical signal 
sources 1-1 to 1-N, respectively, a wave combiner 3, an 
optical amplifier 4, and an optical signal outpi^^ line 6. 

The multi-wavelength optical batch ar? r: iif ication 
apparatus further includes an individual Tcjt light 
detection section 7B, an individual output light 'detection 
section 8B, an optical amplifier output adjustment sec- 
tion 9. and a control section 10B. 

The individual input light detection section 78 mon- 
itors the powers of input optical signals on the input side 
of optical amplifier 4. The individual output light detec- 
tion section 88 monitors the power of an output optical 
signal on the output side of the optical amplifier 4 for the 
individual different wavelengtiis. The optical annplifier 
output adjustment section 9 adjusts the output of the 
optical amplifier 4. The control section 108 controls the 
optical amplifier output adjustment section 9 based on 
results of detection by tiie individual input light detection 
section 78 and tiie individual output light detection sec- 
tion 88 so that the power of the output optical signal on 
the output side of the optical amplifier 4 may be fixed 
equally for the individual different wavelengths. 

Also in the multi-wavelength optical batch amplifica- 
tion apparatus of FIG. 3 described above, a plurality of 
optical signals having different wavelengths from each 
other from the optical signal sources 1-1 to 1-N are 
anplified in a batch by the optical amplrfler 4. In this 
instance, the individual input light detection section 78 
monitors the powers of the individual input optical sig- 
nals on the input side of the optical annplifier 4 while the 
individual output light detection section 88 monitors the 
power of the output optical signal for tiie individual dif- 
ferent wavelengths on the output side of the optical 
amplifier 4. The control section 1 0B controls the optical 
amplifier output adjustment section 9 based on results 
of the detection. (Donsequentiy, the power of tiie output 
optical signal on the output side of the optical amplifier 
4 can be fixed equally for the individual different wave- 
lengths. 

More particularly, the individual input light detection 
section 7B includes a tunable optical filter for monitoring 
powers of the input optical signals on the input side of 
the optical amplifier 4. Altematively. however, the indi- 



vidual input light detection section 78 may monitor the 
powers of the input optical signals from the optical sig- 
nal sources 1 -1 to 1 -N or the optical signal input lines 2- 
1 to 2-N. 

5 Where the individual input light detection section 78 

is constructed particularly as described above, the pow- 
ers of the input optical signals on the input side of tiie 
optical amplifier 4 are monitored by the tunable optical 
filter of tiie individual input light detection section 7B. Or. 

10 the powers of the input optical signals from the optical 
signal sources 1 -1 to 1 -N or the optical signal input lines 
2-1 to 2-N are monitored by the individual input light 
detection section 78. 

Meanwhile, the individual output light detection sec- 

15 tion 88 may include a tunable optical filter for monitoring 
the powers of the output optical signal on the output 
side of the optical amplifier 4 for the individual different 
wavelengths. Alternatively, however, the individual out- 
put light detection section 88 may monitor the powers of 

20 Optical signals separated from the output optical signal 
on the output side of the optical amplifier 4. 

Where the individual output light detection section 
88 is constructed in such a manner as described above, 
the powers of the output optical signal on the output 

25 side of the optical amplifier 4 are monitored for the indi- 
vidual different wavelengtiis by the tunable optical filter. 
Or. the powers of optical signals separated from the out- 
put optical signal on the output side of the optical ampli- 
fier 4 can be monitored by tiie individual output light 

30 detection section 88. 

The optical amplifier output adjustment section 9 
particularly includes a pumping light source for the opti- 
cal amplifier 4. In tiiis instance, tiie control section 10B 
controls the pumping light source based on the results 

35 of detection by the individual input light detection sec- 
tion 78 and the individual output light detection section 
88 so that the power of the output optical signal on the 
output side of the optical amplifier 4 may be fixed 
equally tor the individual different wavelengths. 

40 In this instance, the control section 108 controls the 
pumping ligfrt source based on the results of detection 
by the individual input light detection section 78 and the 
individual output light detection section 88. Conse- 
quently, the power of the output optical signal on the 

45 output side of tiie optical amplifier 4 can be fixed equally 
for the individual different wavelengtiis. 

Alternatively, the optical amplifier output adjustment 
section 9 may include an optical signal attenuation sec- 
tion provided for tiie optical signal input lines 2-1 to 2-N. 

so In this instance, the control section 108 controls tiie 
optical signal attenuation section based on the results of 
detection by the incDvidual input light detection section 
78 and the individual output light detection section 88 
so that the power of the output optical signal on the out- 

55 put side of the optical amplifier 4 n^y be fixed equally 
for the individual drfferent wavelengths. 

In this instance, tiie control section 1 0B controls tiie 
optical signal attenuation section based on the results of 
detection by the incSvidual input light detection section 
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7B and the individual output light detection section 8B. 
Consequently, the power of the output optical signal on 
the output side of the optical amplifier 4 can be fixed 
equally for the individual different wavelengths. 

Or, the optical signal sources 1-1 to 1-N may indi- 
vidually be formed as adjustable output optical signal 
sources which serve also as the optical amplifier output 
adjustment section 9. In this instance, the control sec- 
tion 10B controls the adjustable output optica! signal 
sources based on the results of detection by the individ- 
ual input light detection section 7B and the individual 
output light detection section 88 so that the power of the 
output optical signal on the output side of the optical 
arrplifier 4 may be fixed equally for the individual differ- 
ent wavelengths. 

In this instance, the control section 108 controls the 
adjustable oulput optical signal sources based on the 
results of detection by the individual input light detection 
section 78 and the individual output light detection sec- 
tion 88. Consequently, the power of the output optical 
signal on the output side of the optical amplifier 4 can be 
fixed equally for the individual different wavelengths. 

Or else, the optical amplifier output adjustment sec- 
tion 9 may include a plurality of optical signal attenua- 
tion sections for individually adjusting attenuation 
factors of optical signals separated from the output opti- 
cal signal on the output side of the optical amplifier 4. In 
this instance, the control section 108 controls the opti- 
cal signal attenuation sections based on the results of 
detection by the individual input light detection section 
78 and the individual output light detection section 88 
so that the power of the output optical signal on the out- 
put side of the optical amplifier 4 may be fixed equally 
for the individual different wavelengths. 

In this instance, the control section 108 controls the 
optica! signal attenuation sections based on the results 
of detection by the individual input light detection sec- 
tion 78 and the individual output light detection section 
88. Consequently, the power of the output optical signal 
on the output side of the optical amplifier 4 can be fixed 
equally tor the individual different wavelengths. 

Referring now to FIG. 4. there is shown in block dia- 
gram a multi-wavelength optical batch amplification 
apparatus according to a fourth aspect of \he present 
invention. Also the multi-wavelength optical batch ampli- 
fication apparatus shown includes a plurality of optical 
signal sources 1 -1 to 1 -N (N is a natural number) for out- 
putting a plurality of optical signals having different 
wavelengths from each other, a plurality of optical signal 
input lines 2-1 to 2-N for transmitting the optical signals 
of the different wavelengtiis from the optical signal 
sources 1 -1 to 1-N. respectively, a wave combiner 3. an 
optical amplifier 4, and an optical signal output line 6. 

The multi-wavelength optical batch amplification 
apparatus further includes an individual input light 
detection section 7C. an optical amplifier output adjust- 
ment section 9. and a control section IOC. 

The individual input light detection section 7C 
includes a tunable optical filter to monitor the powers of 



input optical signals on the input side of the optical 
amplifier 4. The optical amplifier output adjustment sec- 
tion 9 adjusts the output of the optical amplifier 4. The 
control section IOC controls tiie optical amplifier output 
5 adjustment section 9 based on a result of detection by 
the individual input light detection section 7C so that tiie 
power of the output optical signal on the output side of 
the optical amplifier 4 may be fixed equally for the indi- 
vidual different wavelengths. 
10 Also in the multi-wavelength optical batdi amplifica- 
tion apparatus of FIG. 4 described above, a plurality of 
input optical signals having different wavelengths from 
each ottier from the optical signal sources 1 -1 to 1-N are 
amplified in a batch by the optical ampfrf ier 4. In this 
75 instance, the individual input light detection section 7C 
monitors, using the tunable optical filter thereof, tiie 
powers of tiie individual input optical signals on the 
input side of the optical amplifier 4. Then, the control 
section 10C controls tiie optical amplifier output adjust- 
20 merit section 9 based on results of tiie detection so that 
the power of tiie output optical signal on the output side 
of the optical anrplifier 4 can be be fixed equally for the 
individual different wavelengths. 

More particularly, also in this instance, the optical 
25 amplifier output adjustment section 9 includes a pump- 
ing light source for the optical amplifier 4. In tiiis 
instance, tiie control section IOC controls tiie pumping 
light source based on the result of detection by the indi- 
vidual input light detection section 7C so that tiie power 
30 of tiie output optical signal on tiie output side of the opti- 
cal amplifier 4 may be fixed equally for the individual dif- 
ferent wavelengths. 

In tills instance, the control section IOC controls the 
pumping light source based on the result of detection by 
35 the individual input light detection section 7C. Conse- 
quentiy. tiie power of the output optica} signal on the 
output side of the optical amplifier 4 can be be fixed 
a^ually for tiie individual different wavelengths. 

Alternatively, the optical amplifier output adjustment 
40 section 9 may include an optical signal attenuation sec- 
tion provided for the optical signal input lines 2-1 to 2-N. 
In this instance, tiie control section IOC controls the 
optical signal attenuation section based on the reajit of 
detection by tiie individual input light detection section 
45 7C so that the power of the output optical signal on the 
output side of the optical amplifier 4 may be fixed 
equally for the individual different wavelengths. 

In tiiis instance, the control section IOC controls the 
optical signal attenuation section based on the result of 
so detection by the individual input light detection section 
7C. Consequently, the power of the output optical signal 
on the output side of the optical amplifier 4 can be fixed 
equally for the individual different wavelengths. 

Or. the optical signal sources 1-1 to 1-N may indi- 
55 vidually be formed as adjustable output optical signal 
sources which serve also as tiie optical amplifier output 
adjustment section 9. In this instance, the control sec- 
tion IOC controls the adjustable output optical signal 
sources based on the result of detection by tiie individ- 
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ual input light detection section 7C so that the power of 
the output optical signal on the output side of the optical 
anplifier 4 may ba -ixed equally for the individual differ- 
ent wavelengths. 

In this instance, the control section 1 0C controls the 
adjustable output optical signal sources based on the 
result of detection by the individual input light detection 
section 7C. Consequently, the power of the output opti- 
cal signal on the output side of the optical amplifier 4 
can be fixed equally for the individual different wave- 
lengths. 

Or else, the optical amplifier output adjustment sec- 
tion 9 may include a plurality of optical signal attenua- 
tion sections for individualiy adjusting attenuation 
factors of optical signals separated from the output opti- 
cal signal on the output side of the optical amplifier 4. In 
thus instance, the control section 10C controls the opti- 
cal signal attenuation sections based on the result of 
detection t>y the individual input light detection section 
7C so that the power o< the output optical signal on the 
output side of the optical amplifier 4 may be fixed 
equally for the irxlividual different wavelengths. 

In this instance, the contrd section IOC controls the 
optical signal attenuation sections based on the result of 
detection by the individual input light detection section 
7C. Consequently the power of the output optical signal 
on the output side of the optical amplifier 4 can be fixed 
equally for the individual different wavelengths. 

With the multi-wavelength optical batch annplifica- 
tion apparatus according to the first to third aspects of 
the present invention described above, when a plurality 
of input optical signals having different wavelengths 
from each other are amplified in a batch by an optical 
amplifier, the power of the entire input optical signals is 
monitored by the entire input light detection section 7 
and the power of the output optical signal is monitored 
for the individual different wavelengths by the incfividual 
output light detection section 8. or the powers of the 
individual input optical signals are monitored by the indi- 
vidual input light detection section 7A and the power of 
the entire output optical signal is monitored by the entire 
output light detection section 8A. or else the powers of 
the individual input optical signals are monitored by the 
individual input light detection section 7B and the power 
of the output optical signal is monitored for the individual 
different wavelengths by the individual output light 
detection section 8B. Then, the control section 10. 10A 
or 106 controls the optical anrplifier output adjustment 
section 9 based on results of the detection so that the 
power of the output optical signal can be fixed equally 
for the individual different wavelengths. Consequently, 
the multi-wavelength optical batch amplification appara- 
tus are advantageous in that, when the power of an opti- 
cal signal of a certain wavelength from among the input 
optical signals drops, an output optical signal having an 
equal power can be obtained for the different wave- 
lengths. 

Where the individual input light detection section 7A 
or 7B described above monitors tiie powers of the input 



optical signals from the optical signal sources 1-1 to 1- 
N or tiie optical signal input lines 2-1 to 2-N, tiie powers 
of tiie input optical signals can be monitored for tiie indi- 
vidual different wavelengths with a higher degree of cer- 
5 tainty. 

Particularly, where the individual input light detec- 
tion section 7A or 7B or the individual output light detec- 
tion section 8 or 8B described above includes a tunable 
optical filter, the powers of the input optica! signals on 

10 the input side of the optical amplifier 4 or the power of 
the output optical signal on the output side of the optical 
amplifier 4 can be monitored for the Individual different 
wavelengths with a nuch simplified construction. 

Where the individual output light detection section 8 

15 or SB monitors the powers of optical signals separated 
from the output optical signal on the output side of the 
optical amplifier 4, the power of the output optical signal 
can be monitored for the individual different wave- 
lengths with a higher degree of certainty. 

20 Where the optical amplifier output adjustment sec- 
tion 9 particularly includes a pumping light source for 
the optical amplifier 4, tiie control section 10, IDA, 10B 
or 10C controls the pumping light source to control the 
power of the output optical signal on tiie output side of 

25 the optica! arrplifier 4 so that it may be fixed equally for 
tiie individual different wavelengths. Consequently, 
when the power of an optical signal of a certain wave- 
length from among the input optical signals drops, an 
output optical signal having an equal power can be 

30 obtained for the d'rfferent wavelengths with a much sim- 
plified construction. 

Where the optical amplifier output adjustment sec- 
tion 9 includes an optical signal attenuation section pro- 
vided for the optical signal input lines or is formed as 

35 adjustable output optical signal sources or else includes 
a plurality of optical signal attenuation sections for indi- 
vidually adjusting attenuation factors of optical signals 
separated from the output optical signal on the output 
side of the optical amplifier as described hereinabove, 

40 the control section 10, IDA. 108 or IOC controls the 
optical signal attenuation section or sections or the 
adjustable output optical signal sources so that the 
power of the output optical signal on the output side of 
tiie optical amplifier 4 can be fixed equally for the Indi- 
es vidual different wavelengths. Consequentiy, an output 
optical signal having an equal power for the irxlividual 
different wavelengths can be otstained with a higher 
degree of certainty. 

Also with the multi-wavelength optical tsatch ampli- 

50 fication apparatus according to the fourth aspect of the 
present invention described atx>ve, the power of the out- 
put optical signal on the output side of the optical ampli- 
fier 4 can be fixed equally for the individual different 
wavelengths. Consequently, the multi-wavelength opti- 

55 cal batch amplification apparatus is advantageous in 
tiiat when the power of an optica! signal of a certain 
wavelength from among the input optical signals drops, 
an output optical signal having an equal power can be 
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obtained for the different wavelengths with a much sim- 
plified constnjction. 

Also in this instance, where the optical amplifier 
output adjustment section 9 particularly includes a 
pumping light source for the optical amplifier 4, the con- 
trol section 10C controls the pumping light source to 
control the power of the output optical signal on the out- 
put side of the optical amplifier 4 so that it may be fixed 
equally for the individual different wavelengths. Conse- 
quently, an output optical signal having an equal power 
for the individual different wavelengths can be obtained 
with a sinpter construction. 

Further, also in this instance, where the optical 
amplifier output adjustment section 9 includes an optical 
signal attenuation section provided for the optical signal 
input lines 2-1 to 2-N or is formed as adjustable output 
optical signal sources or else includes a plurality of opti- 
cal signal attenuation sections for individually adjusting 
attenuation factors of optical signals separated from the 
output optical signal on the output side of the optical 
amplifier 4, the control section 10C controls the optical 
signal attenuation section or sections or the adjustable 
output optical signal sources so that the power of the 
output optical signal can be fixed equally for the Individ- 
ual different wavelengths. Consequently, an output opti- 
cal signal having an equal power for the individual 
different wavelengths can be obtained with a higher 
degree of certainty. 

b. First Embodiment 

Referring now to FIG. 5, there is shown in block dia- 
gram a construction of a multi-wavelength optical batch 
amplification apparatus according to a first preferred 
embodiment of the present invention. The multi-wave- 
length optical batch amplification apparatus shown 
includes a plurality of optical signal sources (E/O) 1 1-1 
to 1 1-N (N is a natural number) which output optical sig- 
nals (input optical signals) having different wavelengths 
XI to Xn (n is a natural number) from each other, and a 
plurality of optical signal input lines 12-1 to 12-N for 
transmitting the optical signals of the different wave- 
lengths from the optical signal sources 11-1 to 11-N, 
respectively. 

The multi-wavelength optical batch amplification 
apparatus further includes a wavelength multiplexing 
(WDM) wave combiner 13. two couplers (CPL) 14 and 
18. an isolator (ISO) 15. an erbium doped fiber (EDF) 
optical amplifier 16, a wave combiner 17, and an optical 
signal output line 20 for transmitting an output optical 
signal amplified after wavelength multiplexing. 

The multi-wavelength optical batch amplification 
apparatus further includes two photodiodes (PD) 21 
and 24. a laser diode (LD) 22. a tunable optical filter 23. 
two anplification sections 25 and 26 for amplifying elec- 
tric signal outputs of the photodiodes 21 and 24 to a 
required signal level, respectively, and a cont'd section 
27. 



The WDM wave combiner 13 combines optical sig- 
nals of different wavelengths from the optical signal 
sources 1 1 -1 to 1 1-N transmitted by way of the optical 
signal input lines 12-1 to 12-N to multiplex them in wave- 

5 length. Each of the couplers 14 and 18 branches an 
optical signal inputted thereto. 

The isolator 15 removes noise components of an 
optical signal which are caused by an insertion loss of 
the WDM wave combiner 13. reflected light during 

10 transmission of the optical signal and so forth. The EDF 
optical amplifier 16 amplifies optical signals wavelength 
multiplexed by the WDM wave combiner 13 in a batch to 
a desired output optical signal power. The wave com- 
biner 17 combines the output of the EDF optical annpli- 

15 tier 1 6 and the output of the pumping laser diode 22 with 
each other. 

The photodiode 21 produces an electric signal cor- 
responding to the power of the input optical signals 
wavelength multiplexed by the WDM wave combiner 13 

20 and branched by the coupler 1 4. In the present embod- 
iment, the photodiode 21 and the amplification section 
25 form an entire input light detection section 28 for 
monitoring the total power of input optical signals on the 
input side of the EDF optical amplifier 16. 

25 The pumping laser diode (optical amplifier output 
acQustment section) 22 outputs pumping light in 
response to a control signal from a control section 27 
which will be hereinafter described. The pumping light 
from the pumping laser diode 22 is combined with the 

30 output of the EDF optical amplifier 1 6 by the wave com- 
biner 1 7 to adjust the power of the output optical signal 
of the EDF optical amplifier 16. 

The tunable optical filter 23 outputs a multi-wave- 
length batch-amplified output optical signal branched by 

35 the coupler 18 for the individual wavelengths X^ to Xn. 
More particularly, the tunable optical filter 23 has such 
an application voltage to transmission wavelength char- 
acteristic as seen in FIG. 6(a). Thus, for example, when 
an optical signal having such a spectrum as shown in 

40 FIG. 6(b) is inputted to the tunable optical filter 23. such 
voltages VI to Vn as seen In FIG. 6(c) are applied to the 
tunable optical fflter 23. whereupon an optical signal is 
outputted for each of the wavelengths X^ to Xn. 

The photodiode 24 converts an output optical signal 

45 for each of the individual wavelengths X^ to Xn output- 
ted from the tunable optical filter 23 into an electric sig- 
nal in accordance with the power of the output optical 
signal. In the present embodiment the tunable optical 
f Bter 23, the photodiode 24 and the amplification section 

50 26 construct individual output light detection section 29 
for monitoring the power of the output optical signal for 
the individual wavelengths XI to Xn on the output side of 
the EDF optical amplifier 16. 

The control section 27 controls the output power of 

55 pumping light to be outputted from the pumping laser 
diode 22 based on results of detection of optical signals 
monitored by the entire input light detection section 28 
and the individual output light detection section 29 
described above to control, on the output side of the 
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EDF optical amplifier 16, the powers of the component 
optical signals of the output optical signal of the individ- 
ual wavelengths XI to Xt\ to be outputted from the opti- 
cal signal output line 20 so that they may be 
substantially equal to each other. 

To this end. the control section 27 includes an auto- 
matic level control (ALC) circuit 271 and an optical sig- 
nal identification section 272 as seen in FIG. 5. 

The ALC circuit 271 outputs a control signal for the 
punrping laser diode 22 based on a result of detection of 
a total pcwer of input optical signals monitored by the 
entire input light detection section 28 and the number of 
optical signals identified by the optical signal identifica- 
tion section 272. The optical signal identification section 
272 identifies the number of output optical signals 
(nunnber of optical signals having different wavelengths) 
from output optical signals for the individual wave- 
lengths ;i1 to Xn obtained by the individual output light 
detection section 29 which includes the tunable optical 
filter 23. and produces and outputs a control signal for 
the ALC circuit 271 based on frie number of output opti- 
cal signals to the ALC circuit 271 . 

FIG. 7 shows in block diagram an example of 
detailed constructions of the amplification sections 25 
and 26 and the ALC circuit 271 described above. R^er- 
ring to FIG. 7. the amplification section 25 includes an 
amplifier 251, resistors R1 to R4, and a capacitor CI. 
Similarly, the amplification section 26 includes an ampli- 
fier 261 and resistors R8 to R1 1. The ALC circuit 271 
includes two amplifiers 271 1 and 2712, and resistors R5 
to R7. and resistors R12 to R15, RV1 and RV2. In the 
present embodiment, the ALC circuit 271 uses a control 
voltage produced by the optical signal identification sec- 
tion 272 as a reference voltage (ALC-ref) lor the ampli- 
fier 271 1 to control a control voltage (LD Cont) for the 
punrping laser diode 22 to be outputted from the ampli- 
fier 271 1 thereby to control the output power of pumping 
light of the pumping laser diode 22. It is to be noted that 
reference characters C2 and C3 denote each a capaci- 
tor. Further, the resistor RV1 is used to set a detection 
level to be used when an input optical signal is inter- 
rupted, and the resistor RV2 is used to set the output 
power of an optical signal. 

FIG. 8 shows in block diagram an example of a con- 
struction of the optical signal identification section 272 
described above. Referring to FIG. 8, the optical signal 
identification section 272 includes an analog to digital 
(A/D) converter 2721 for converting an electric signal in 
the form of an analog amount obtained in accordance 
with the power of an output optical signal by the photo- 
diode 24 on the output side into a digital amount, a cen- 
tral processing unit (CPU) 2722, a digital to analog 
(D/A) converter 2723 for converting an electric signal in 
the form of a digital amount into an analog amount, a 
chopping wave generation circuit 2725. and a pair of 
comparators 2726 and 2727. It is to be noted that refer- 
ence character R18 denotes a resistor, VI a voltage 
value whuch serves as a reference voltage for the com- 
parator 2726, and V2 a voltage value which is used to 



set a level with which it is determined, when the level of 
an optical signal of a certain wavelength from among 
the wavelengths XI to Xn drops (including an inten^upted 
condition), that the optical signal has been inten-upted. 

5 The chopping wave generation circuit 2725 gener- 

ates a chopping wave which exhibits a maximum volt- 
age value (the maximum voltage has a voltage value 
higher than the reference voltage V1 of the comparator 
2726), for example, after each period t1 as seen in FIG. 

10 9(a) and supplies the chopping wave as an application 
voltage Vf il to the tunable optical filter 23 and an appli- 
cation voltage to the comparator 2726. The comparator 
2726 compares the output voltage of the chopping wave 
generation circuit 2725 with the reference voltage VI 

15 and outputs a "H" level pulse each time the output volt- 
age of the chopping wave generation circuit 2725 exhib- 
its a higher level than the reference voltage VI . 

The comparator 2727 compares the voltage of a 
signal obtained in accordance with a total power of input 

20 optical signals by the photocBode 21 on the input side 
with the reference voltage V2 and outputs a "H" level 
pulse when the total power of input optical signals 
exhibits a lower level than the reference voltage V2. 
When a "H" l»/el pulse is outputted from the comparator 

25 2727, the CPU 2722 recognizes that some of the input 
optical signals has dropped (including an interrupted 
condition). It is to be noted that, when the output of the 
comparator 2727 has dropped to "0", that is, when the 
input optical signals have entered into an intenrupted 

30 condition, a signal to the punping laser diode 22 is cut 
by the CPU 2722. 

The CPU 2722 produces a signal which serves as 
a reference signal for the anplif ier 271 1 (refer to FIG. 7) 
of the ALC circuit 271 described above in response to 

35 the outputs of the A/D converter 2721 and the conrpara- 
tors 2726 and 2727. 

In the multi-wavelength optical batch amplification 
apparatus of the present embodiment having the con- 
struction described above, input optical signals of the 

40 different wavelengths XI to xn from the optical signal 
sources 1 1-1 to 1 1 -N are transmitted by way of the opti- 
cal signal input lines 12-1 to 12-N. respectively, and 
multiplied and combined into a multi- wavelength opti- 
cal signal by the WDM wave combiner 13. The multi- 

45 wavelength optical signal Is amplified in a batch by the 
EDF optical amplifier 16 and outputted by way of the 
optical signal output line 20. 

Meanwhile, in the entire input light detection section 

28. the multi-wavelengti optical signal branched by the 
so coupler 14 is converted into an electric signal conre- 

sponding to the total power thereof by the photodiode 
21 on the input side of the EDF optical amplifier 1 6. The 
electric signal is amplified to a required signal level (volt- 
age value) by the amplification section 25 and inputted 
55 to the control section 27 so that the power of the entire 
input optical signals is monitored by the control section 
27. 

Then, in the individual output light detection section 

29, an output optical signal (wavelengths XI to Xn) 
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amplified in a batch by the EDF optical anplifier 16 and 
branched by the coupler 18 is inputted to the tunable 
optical filter 23. The tunable optical filter 23 thus trans- 
mits the output optical signal for the individual wave- 
lengths XI to Xn as described hereinabove with 5 
reference to FIGS. 6(a) to 6(c) with an application volt- 
age Vfil (refer to FIG. 9(a)) supplied thereto from the 
chopping wave generation circuit 2725 (refer to FIG. 8) 
of the control section 27. The output optical signal trans- 
mitted through the tunable optical filter 23 is amplified to w 
the required signal level by the amplification section 26 
and inputted to the control section 27 so that the output 
optical signal is monitored for the individual wave- 
lengths ?l1 to Xn by the control section 27. 

In the optical signal identification section 272 of the is 
control section 27. the chopping wave which exhibits a 
maximum voltage after each period t1 as seen in FIG. 
9{a) is supplied also to the comparator 2726 from the 
chopping wave generation circuit 2725. The comparator 
2726 compares the voltage of the chopping wave with 20 
the reference voltage VI and outputs a "H" level pulse 
each time the voltage of the chopping wave exhibits a 
higher level than the reference voltage, that is. each 
time a maximum point (maximum voltage) of the chop- 
ping wave is received. Consequently, the comparator 2S 
2726 outputs a pulse signal Sig2 which exhibits a "H" 
level after each period tl as seen in FIG. 9(b). 

Meanwhile, the A/D converter 2721 converts an 
electric signal in the form of an analog amount, which is 
outputted from the tunable optical filter 23 each time the 30 
tunable optical filter 23 receives light during sweeping of 
a transmission wavelength region, into a signal of a dig- 
ital amount to produce, for example, such a pulse signal 
Sig1 as seen in FIG. 9(c)- The CPU 2722 receives the 
pulse signals Sigl and Sig2 and counte the number of 3S 
pulses of the pulse signal Sigl included in one period t1 
of the pulse signal Sig2 to detect number information of 
those optical signals of the output optical signal which 
has transmitted through the tunable optical filter 23. For 
example, when the number of pulses of the pulse signal 4o 
Sigl during one period t1 is "6". the number of optical 
signals is "3". 

The optical signal number information detected as 
described above is converted into a voltage value in the 
form of an analog amount by the D/A converter 2723. 45 
For example, when the number of optical signals is 1 . it 
is converted into 1 V. and when the number is 2. it is 
converted into 2 V. The resulted voltage is outputted as 
a reference vortage (ALC-ref) for the amplifier 2711 in 
the ALC circuit 271 (refer to FIG. 7). so 

As a result, the ALC circuit 271 controls the control 
voltage (LD Cont) for controlling the power of a pumping 
light output of the laser diode 22 to be outputted from 
the amplifier 271 1 in accordance with the voltage (ALC- 
reO supplied thereto from the optical signal identification 55 
section 272 to control the output optical signal powers of 
the wavelengths X^ to Xn on the output side of the EDF 
optical amplifier 16 so that they may be equal to each 
other. 



In short, the control section 27 calculates the power 
per one wave of the wavelengths X^ to Xn based on the 
total power of the input optical signals on the Input side 
of the EDF optical amplifier 16 detected by the entire 
input light detection section 28 and the output optical 
signal number information detected by the individual 
output light detection section 29 and controls (feedback 
controls) the pumping light output power of the pumping 
laser diode 22 so that the powers of the individual com- 
ponent optical signals of the output optical signal on the 
output side of the EDF optical anplifier 1 6 may be equal 
to one another eumong the individual wavelengths X^ to 

As described above, with the multi-wavelength opti- 
cal batch amplification apparatus described above, 
when a plurality of input optical signals of different 
wavelengths X^ to Xn are to be amplified in a batch by 
the EDF optical arrplifier 16 to output an output optical 
signal, the total power of the input optical signals is 
monitored on the input side of the EDF optical amplifier 
16 by the entire input light detection section 28 and the 
number of component optical signals of an output opti- 
cal signal is detected on the output side of the EDF opti- 
cal amplifier 16 by the individual output light detection 
section 29, and the control section 27 calculates the 
power per one wavelength and controls the pumping 
light output power of the pumping laser diode 22 based 
on the thus calculated power. Consequently, the powers 
of the individual component optical signals of the output 
optical signal can be controlled for the individual wave- 
lengths XI to Xn so that they may be equal to each 
other. Accordingly, even if the power of an input optical 
signal of some wavelength drcps. this does not have an 
influence upon the input optical signals of the other 
wavelengths and conponent output optical signals of an 
equal power can be obtained for the individual wave- 
lengths XI to Xn. 

While the multi-wavelength optical batch anplif ica- 
tion apparatus described above is constructed such that 
the tunable optical filter 23 is used for the individual out- 
put light detection section 29 so that input optical sig- 
nals can be monitored for the individual wavelengths XI 
to Xn. it may be modified in such a manner as shown, for 
example, in FIG. 10. Referring to FIG. 10. the modified 
multi-wavelength optical batch amplification apparatus 
shown is different from the multi-wavelength optical 
batch amplification apparatus of FIG. 5 in the individual 
output light detection section 29 and the optical signal 
identification section 272 of the control section 27, In 
particular, the individual output light detection section 
29 is formed from a coupler 18. a WDM wave separator 
19, photodiodes (PD) 24-1 to 24-N and amplification 
sections 26-1 to 26-N and is constructed such that the 
output of the EDF optical amplifier 16 is branched by the 
coupler 18 and then separated into signals of the indi- 
vidual wavelengths XI to Xn by the WDM wave separa- 
tor 19, and then the input optical signals of the individual 
wavelengths XI to Xn are individually converted into 
electric signals corresponding to the powers thereof by 
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the photodiodes 24-1 to 24-N to monitor the input opti- 
cal signals for the individual wavelengths XI to Xn, 
respectively 

Meanwhile, referring to FIG. 11, the optical signal 
identification section 272 of the control section 27 
includes several common components to those of the 
optical signal identification section 272 described here- 
inabove with reference to FIG. 8. In particular, the opti- 
cal signal identification section 272 shown in FIG. 11 
includes a plurality of A/D converters 272-1 to 272-N. a 
CPU 2722 and a D/A converter 2723. 

The A/D converters 272-1 to 272-N convert electric 
signals obtained by the photodiodes 24-1 to 24-N corre- 
sponding the powers of the input optical signals for the 
irxlividual wavelengths XI to Xn individually into digital 
signals, and the CPU 2722 supplies a reference voltage 
(ALC-ref) for the amplifier 2711 (refer to FIG. 7) of the 
ALG circuit 271 based on the outputs of the A/D con- 
verters 272-1 to 272-N. It is to be noted that reference 
characters resistors R18-1 to R18-N denote each a 
resistor. 

In the modified multi-wavelength optical batch 
amplification apparatus of the construction described 
above, the CPU 2722 in the optical signal identification 
section 272 calculates the power of an output optical 
signal per one wavelength based on number informa- 
tion of component optical signals of the output optical 
signal obtained by reading the digital outputs of the A/D 
converters 272-1 to 272-N and the total power of the 
input optical signals from the photodiode 21 and outputs 
a voltage in the form of a digital value with which the 
power of the output optical signal per one wave 
obtained in this manner may be equal to the required 
output optical signal power. 

Thereafter, the digital signal is. as descrOsed herein- 
above with reference to FIG. 8. converted into an analog 
signal by the D/A converter 2723 and supplied as the 
reference voltage (ALC-ref) for the amplifier 271 1 (refer 
to FIG. 7) of the ALC circuit 271 so that the control volt- 
age (LD Cont) to be outputted from the amplifier 271 1 is 
controlled in accordance with the reference voltage 
(ALC-ref). /\s a result, the pumping light output power of 
the pumping laser diode 22 is controlled to control the 
output optical signal powers of the incfividual wave- 
lengths XI to Xn on the output side of the EDF optical 
amplifier 16 so that they may be equal to each otiner. 

Further, while the multi -wavelength optical batch 
amplification apparatus described above is constructed 
such that the control section 27 controls the pumping 
laser diode (optical amplifier output adjustment section) 
22 to control the powers of component optical signals of 
the output optical signal equally to a fixed value, it may 
be modified in such a manner as shown in FIG. 12. 
Referring to FIG. 12. the modified multi-wavelength opti- 
cal batch amplification apparatus shown is differerrt 
from the multi-wavelength optical batch amplification 
apparatus of FIG. 5 in that it additionally includes a plu- 
rafity of variable optical attenuators (ATT: optical signal 
attenuation sections) 31-1 to 31-N and includes a con- 



frol section 27A in place of tiie control section 27. In par- 
ticular, the variable optical attenuators 31-1 to 31-N are 
provided for tiie optical signal input lines 12-1 to 12-N, 
respectively, and tiie control section 27A controls the 
5 variable optical attenuators 31 -1 to 31 -N and the pump- 
ing laser diode 22 so that the powers of component opti- 
cal signals of the output optical signal may be fixed 
equally. 

In this instance, the conti^jl section 27A includes, in 

10 addition to an ALC circuit 271 similar to tiiat described 
hereinabove with reference to FIGS. 5 and 7, an optical 
signal identification section 272A and an optical attenu- 
ator (ATT) control circuit 273. Referring to FIG. 13. also 
the optical signal identification section 272A in the mod- 

15 ified control section 27A includes an A/D converter 
2721. a CPU 2722, a D/A converter 2723. a chopping 
wave generation circuit 2725, an A/D converter 2726' 
and a comparator 2727. The ATT control circuit 273 
includes a plurality of D/A converters 273-1 to 273-N 

20 corresponding to the variable optical attenuators 31 -1 to 
31-N, respectively. 

In the optical signal identification section 272A 
shown in FIG. 1 3, tine CPU 2722 calculates the power of 
an output optical signal per one wave of the wave- 

25 lengths XI to Xn based on number information of com- 
ponent optical signals of the output optical signal 
obtained from the pulse signals Sigl and Sig2 and tiie 
total power of the input optical signals from the entire 
input light detection section 28 and outputs digital sig- 

30 nals to tiie variable optical attenuators 31-1 to 31-N. In 
particular, the CPU 2722 outputs a digital signal indicat- 
ing the attenuation amount of "0" to one of the variable 
optical attenuators 31-1 to 31-N corresponding to tiie 
component output optical signal of one of the wave- 

35 lengtiis XI to Xn which exhibits the lowest output power, 
but outputs, to each of tiie other variable optical attenu- 
ators 31-1 to 31-N corresponding to tiie component out- 
put optical signals of the other wavelengths than that of 
tiie lowest output power, a digital signal indicating such 

40 an increased attenuation amount that the output power 
of tiie component output optical signal may be equal to 
that of the component output optical signal of the wave- 
lengtii of the lowest output power. 

As a resutt the pumping light output power of the 

45 pumping laser diode 22 and the attenuation amounts of 
tine variable optical attenuators 31-1 to 31-N are 
adjusted in accordance with the digital signals so that 
the powers of the component optical signals of the out- 
put optical signal to be outputted from tiie optical signal 

50 output line 20 are controlled so that they may be equal 
to one another among the individual wavelengths XI to 
Xn. 

ft is to be noted that, also in this instance, the indi- 
vidual output light detection section 29 described above 
55 may be modified in such a manner as seen in FIG. 14. 
Refening to FIG. 14. the individual output light detection 
section 29 includes a coupler 18, a WDM wave separa- 
tor 19, photodiodes (PD) 24-1 to 24-N and amplification 
sections 26-1 to 26-N. In the modified individual output 
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light detection section 29, the output of the EDF optical 
amplifier 16 is branched by the coupler 18 and sepa- 
rated into signals of different wavelengths X^ to Xn by 
the WDM wave separator 19. The signals of the wave- 
lengths XI to Xn are converted into electric signals cor- 
responding to the powers thereof by the photodiodes 
24-1 to 24-N to monitor the powers of the individual 
wavelengths XI to Xn, respectively. 

The multi-wavelength optical batch amplification 
apparatus described hereinabove with reference to FIG. 
5 may alternatively be modified in such a manner as 
shown in FIG. 15. Referring to FIG. 15, the modified 
multi-wavelength optical batch amplification apparatus 
shown is a modification to and differertt from the modi- 
fied multi-wavelength optical batch amplification appa- 
ratus of FIG. 12 in that it does not include the variable 
optical attenuators 31-1 to 31 -N but the optical signal 
sources 11-1 to 1 1-N are constructed as adjustable out- 
put optical signal sources whose outputs is adjustable 
and the control section 27A directly controls, in place of 
the variable optical attenuators 31-1 to 31 -N. the out- 
puts of the optical signal sources 1 1 -1 to 1 1 -N to control 
the powers of component optical signals of the output 
optical signal separated by the WDM wave separator 1 9 
so that they may individually be fixed equally to each 
other as described hereinabove. 

Therefore, in this instance, the control section 27A 
includes an optical signal source (E/O) output control 
circuit 273' having a similar construction to that of the 
ATT control circuit 273 which includes a plurality of D/A 
converters 273-1 to 273-N described hereinabove with 
reference to FIG. 1 1 . It is to be noted that the ALC circuit 
271 and the optical signal identification section 272A 
are similar to those described hereinabove with refer- 
ence to FIGS. 7 and 13, respectively. 

Thus, with the modified multi-wavelength optical 
batch amplification apparatus shown in FIG. 15. the 
control section 27A calculates the power of the output 
optical signal per one wave of the wavelengths XI to Xn 
from information such as the total power of the input 
optical signals obtained from the entire input light detec- 
tion section 28, the wavelength and nunrtoer Information 
of component optical signals of the output optical signal 
obtained from the individual output light detection sec- 
tion 29 and so forth. Then, the control section 27A 
directly controls the outputs of the optical signal sources 
11-1 to 1 1-N and the pumping laser diode 22 based on 
the thus calculated power to control the powers of the 
component optical signals of the output optica! signal 
amplified in a batch by the EDF optical amplifier 16 so 
that they may be fixed equally to one another among the 
individual wavelengths XI to Xn. 

It is to be noted that, also with the modified multi- 
wavelength optical batch amplification apparatus shown 
in FIG. 15, where the individual output light detection 
section 29 is formed from a coupler 18. a WDM wave 
separator 19, photodiodes (PD) 24-1 to 24-N and ampli- 
fication sections 26-1 to 26-N as shown in FIG. 14. the 
output of the EDF optical amplifier 1 6 is branched by the 



coupler 18 and separated into signals of the wave- 
lengths XI to Xn by the WDM wave separator 19 and 
then the signals of the wavelengths XI to Xn are con- 
verted into electric signals corresponding to the powers 
5 thereof by the photodiodes 24-1 to 24-N. respectively, 
and consequently, the powers of the conrponenl optical 
signals of the output optical signal can be monitored for 
the individual wavelengths XI to Xn with a higher degree 
of certainty. 

10 The multi- wavelength optical batch amplification 
apparatus described above with reference to FIG. 5 
may otherwise be modified in such a manner as shown 
in FIG. 16. Referring to FIG. 16. the modified multi- 
wavelength optical batch amplification apparatus shown 

15 is different from the multi -wavelength optical batch 
amplification apparatus of FIG. 5 In that it addrtionally 
includes a plurality of variable optical attenuators (ATT: 
optical signal attenuation section) 31-1 to 31-N similar 
to those described hereinabove with reference to FIG. 

20 12 and a WDM (wavelength multiplexing) wave com- 
biner 32 for combining output optical signals of the 
wavelengths XI to Xn from the variable optical attenua- 
tors 31 -1 to 31 -N. The variable optical attenuators 31-1 
to 31-N are provided on the output side of the WDM 

25 wave separator 1 9. that is. on the output side of the EDF 
optical amplifier 16 corresporKling to the optical signal 
sources 11-1 to 11-N. 

Thus, with the modified multi-wavelength optical 
t>atdi amplification apparatus shown in FIG. 16. the 

30 control section 27A calculates the power of the output 
optical signal per one wave of the wavelengths XI to Xn 
from information such as the total power of the input 
qotlcal signals obtained from the entire input light detec- 
tion section 28, the wavelength and number information 

35 of component optical signals of the output optical signal 
obtained from the individual output light detection sec- 
tion 29 and so forth. Then, the control section 27A con- 
trols the variable qDtical attenuators 31-1 to 31-N and 
the pumping laser diode 22 based on the thus calcu- 

40 lated output power to control the powers of the compo- 
nent optical signals of the output optical signal on the 
output side of the EDF optical amplifier 16 so that they 
may be fixed equally to one another among the individ- 
ual wavelengths XI to Xn. 

45 Thereafter, the component optical signals of the 
output optical signal of the wavelengths XI to Xn are 
combined (wavelength multiplexed) by the WDM wave 
combiner 32 and outputted by way of the optical signal 
output line 20. 

so The modified multi-wavelength optical Ijatch ampli- 
fication apparatus shown in FIG. 16 may be further 
modified in such a manner as seen in FIG. 1 7. Referring 
to FIG. 17. the multi-wavelength optical k^atch amplifica- 
tion apparatus showm is modified such that the Individ- 

55 ual output light detection section 29 includes a plurality 
of couplers 18-1 to 18-N, a plurality of photodiodes (PD) 
24-1 to 24-N and a plurality of anrplification sections 26- 
1 to 26-N. In the modified individual output light detec- 
tion section 29, component optical signals of the output 
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optical signal separated by the WDM wave separator 19 
are branched by the couplers 18-1 to 18-N and con- 
verted into electric signals conresponding to the powers 
thereof by the photodiodes 24-1 to 24-N, respectively. 
Consequently, the number information, the powers of 5 
the component optical signals of the output optical sig- 
nal and so forth can be monitored with a higher degree 
of certainty. 

c. Second Embodiment '^^ 

Referring now to FO. 18, there is shown In block 
diagram a construction of a multi -wavelength optical 
batch amplification apparatus according to a second 
preferred embodiment of the present invention. The is 
multi-wavelength optical batch amplification apparatus 
of the present embodiment is a modification to and 
includes several common components to those of the 
multi-wavelength optical batch amplification apparatus 
of the first embodiment described hereinabove with ref- 20 
erence to FIG. 5. Overlapping detailed description of 
such common components is omitted herein to avoid 
redundancy. 

The multi-wavelength optical batch amplification 
apparatus includes a pluralrty of optical signal sources 2S 
(E/O) 1 1 -1 to 11 -N (N is a natural number) which output 
optical signals (input optical signals) of different wave- 
lengths X1 to Xn from each other (n is a natural number), 
and a plurality of optical signal input lines 12-1 to 12-N 
for transmitting the optical signals of the different wave- 30 
lengths from the optical signal sources 11-1 to 11-N. 
respectively. 

The multi-wavelength optical batch amplification 
apparatus further includes a wavelength multiplexing 
(WDM) wave combiner 13. two couplers (CPL) 14 and 35 
18. an isolator (ISO) 15, an erbium doped fber (EDF) 
optical amplifier 16. a wave combiner 17 and an optical 
signal output line 20 which transmits an output optical 
signal amplified in a batch by the EDF optical amplifier 

16. ^ 

Vne multi-wavelength optical batch amplification 
apparatus further includes two photodiodes (PD) 21 
and 24. a laser diode (punrping laser diode (LD)) 22, a 
tunable optical filter 23. two amplification sections 25 
and 26 for amplifying electric signal outputs of the pho- 45 
todiodes 21 and 24 to a required signal level, respec- 
tively, and a control section 27. 

In the present embodiment, an individual input light 
detection section 28A for monitoring the powers of input 
optical signals of the wavelengths XI to Xn on the input so 
side of the EDF optical amplifier 16 is formed from the 
tunable optical filter 23. the photodiode 21 and the 
amplification section 25, and an entire output light 
detection section 29A for monitoring the total output 
power of component optica! signals of the output optical ss 
signal on the output side of the EDF optical amplifier 1 6 
is formed from the photodiode 24 and the amplification 
section 26. 



In particular, while, in the multi-wavelength optical 
batch amplification apparatus of the first embodiment 
described above, the total power of input optical signals 
is monitored on tine input side of tine EDF optical ampli- 
fier 16 by tine entire input light detection section 28 and 
component optical signals of an output optical signal are 
monitored for tine individual wavelengths A.1 to Xn on the 
output side of the EDF optical amplrfier 16 by the indi- 
vidual output light detection section 29. in the multi- 
wavelength optical batch amplification apparatus of the 
present embodiment, input optical signals are con- 
versely monitored for the individual wavelengths XI to 
Xn on the input side of the EDF optical amplifier 16 by 
tine individual input light detection section 28A while the 
total power of component optical signals of an output 
optical signal is monitored on tine output side of the EDF 
optical amplifier 16 by the entire output light detection 
section 29A. 

To this end. the control section 27 in the present 
embodiment includes an optical signal identification 
section 272B and an ALC circuit 271 which is similar to 
tinat described hereinabove with reference to FIG. 5. 
The control section 27 tinus controls the output power of 
pumping light to be outputted from the pumping laser 
diode 22 based on results of detection by monitoring of 
optical signals by tine individual input light detection sec- 
tion 28A and the entire output light detection section 
29A described above to control the powers of the com- 
ponent optical signals of the output optical signal for tine 
individual wavelengths XI to Xn to be outputted from the 
optical signal output line 20 on tine output side of the 
EDF optical amplifier 16 so tifiat tfiey may be equal to 
each other. 

The optical signal identification section 272B moni- 
tors input optical signals of tine individual wavelengtins 
XI to Xn obtained by the tunable optical filter 23 of tine 
individual input light detection section 28A to obtain 
number information of the input optical signals. Refer- 
ring to FIG. 19, the optical signal identification section 
272B includes a CPU 2722. a D/A converter 2723. a 
chopping wave generation circuit 2725 and a compara- 
tor 2727. 

Also in tine present emlxxliment, tine chopping wave 
generation circuit 2725 generates a chopping wave 
which exhibits a maximum voltage value after each 
period t1 as seen in FIG. 9(a) and outputs the chopping 
wave as an application voltage Vf il to the tunable optical 
filter 23 and as an input to the comparator 2727. 

The comparator 2726 compares a voltage value of 
an input optical signal transmitted through tine tunable 
optical filter 23 with a reference voltage V2 and outputs 
a "H" level pulse as a pulse signal Sig1 each time an 
input optical signal is received. The comparator 2727 
compares the voltage value of the chopping wave sup- 
pBed thereto from the chopping wave generation circuit 
2725 witin another reference voltage VI and outputs a 
"H" level pulse each time the voltage value of the chop- 
ping wave exhibits a level higher tfnan tine reference volt- 
age VI. Thus, the comparator 2727 outputs a pulse 
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signal Sig2 which exhibits a "H" level after each period 
t1. 

The CPU 2722 detects the number of pulses of the 
pulse signal Sigl from the comparator 2726 within one 
period (11) of the pulse signal Sig2 from the comparator 
2727 to detect number information of the input optical 
signals and outputs a voltage value corresponding to 
the number information of the input optical signals as a 
digital signal. The D/A converter 2723 converts the volt- 
age value in the form of a digital amount from the CPU 
2722 into an analog signal and outputs the analog sig- 
nal as a reference voltage (ALC-ref) for the ALC circuit 
271. 

In the multi-wavelength optical batch amplification 
apparatus of the construction described above, when a 
plurality of input optical signals of different wavelengths 
M to Xn from the optical signal sources 1 1 -1 to 1 1 -N are 
amplified in a batch by the EDF optical amplifier 16 and 
outputted from the optical signal output line 20. a multi- 
wavelength input optical signal branched by the coupler 
1 4 is transmitted through the tunable optical filter 23 for 
the individual wavelengths X1 to Xn in response to an 
application voltage Vf il received from the optical signal 
identification section 272B. Then, the input optical sig- 
nals of the multi-wavelength optical signal are converted 
into electric signals corresponding to the powers thereof 
for the individual wavelengths XI to Xn by the photodi- 
ode 21 and outputted to the optical signal identification 
section 272B of the control section 27. 

Meanwhile, in the entire output light detection sec- 
tion 29A, the total power of the output optical signals 
branched by the coupler 18 is converted into an electric 
signal by the photodiode 24 and outputted to the ALC 
circuit 271 of the control section 27. 

Then, in the optical signal identification section 
272B, the CPU 2722 detects number information of the 
input optical signals from the pulse signal Sigl output- 
ted from the comparator 2726 and the pulse signal Sig2 
outputted from the comparator 2727 and outputs a volt- 
age value con-esponding to the number information of 
the input optical signals as a digital signal. The voltage 
value in the form of a digital amount is converted into an 
analog signal by the D/A converter 2723 and outputted 
as a reference voltage (ALC-ref) for the ALC circuit 271 . 

Further, in the ALC circuit 271. a control voltage 
corresponding to the reference voltage (ALC-ref) is out- 
putted to the pumping laser diode 22. Consequently, the 
pumping light output power of the pumping laser diode 
22 is adjusted based on the control voltage to control 
(feedfonivard control) the output optical signal so that 
the output optical signal per one wavelength may be 
equal to each other on the output side of the EDF optical 
amplifier 16. 

In this manner, with the multi- wavelength optical 
batch amplification apparatus of the present embodi- 
ment, the individual input light detection section 28A 
monitors input optical signals for the individual wave- 
lengths XI to Xn on the input side of the EDF optical 
amplifier 16 while the entire output light detection sec- 



tion 29A monitors the total power of an output optical 
signal on the output side of the EDF optical amplifier 1 6, 
and the control section 27 controls the pumping light 
output power of the pumping laser diode 22 based on 

5 results of the detection. Consequently, the powers of the 
output optical signals on the output side of the EDF opti- 
cal amplifier 16 can be controlled so that they may be 
fixed equally to each other for the individual wave- 
lengths XI to Xn. 

10 Accordingly, even if the power of an optical signal of 
some wavelength of the multi-wavelength optical signal 
in which the input optical signals of the different wave- 
lengttis XI to Xn are multiplexed and combined drops, 
this does not have any influence on the optical signals of 

15 the other wavelengths, and the output optical signal can 
be fixed equally for tiie individual wavelengths. 

Further, with the mufti -wavelength optical batch 
amplification apparatus described above, since the tun- 
able optical filter 23 is employed in the individual input 

20 light detection section 28A, input optical signals can be 
monitored for the individual wavelengths XI to Xn on the 
input side of the EDF optical amplifier 16 very readily. 

While the multi-wavelength optical batch amplifica- 
tion apparatus described above is constructed such that 

25 the tunable optical filter 23 is employed for the individual 
input light detection section 28A. it may be modified, for 
example, in such a manner as shown in FIG. 20. Refer- 
ring to FIG. 20. tiie individual input light detection sec- 
tion 28A includes couplers 14-1 to 14-N provided for the 

30 optical signal input lines 12-1 to 1 2-N. respectively pho- 
todiodes (PD) 21-1 to 21 -N for converting input optical 
signals of wavelengths XI to Xn branched by ttie cou- 
plers 14-1 to 14-N into electi-ic signals corresponding 
the powers of them, and amplification sections 25-1 to 

35 25-N for amplifying the electric signals obtained by the 
photodiodes 21-1 to 21-N to a desired signal level, 
respectively, and monitors the input optical signals from 
the optical signal input lines 12-1 to 12-N for the individ- 
ual wavelengths XI to Xn, respectively. 

40 In this instance, the optical signal identification sec- 
tion 272B in the control section 27 described above 
includes, as shown in FIG. 21, comparators 274-1 to 

274- N aixl amplifio-s (AI^P) 275-1 to 275-N provided 
corresponding to the individual wavelengths XI to Xn, 

45 respectively, and an adder 276 for adding the outputs of 
the amplifiers 275-1 to 275-N. It is to be noted that, in 
FIG. 21. reference characters R18-1 to R18-N, R19-1 to 
R19-N. R20 and R21 denote each a resistor, and VI 
denotes a voltage source for supplying a reference volt- 

50 age for the comparators 274-1 to 274-N. 

Thus, in the optical signal identification section 
272B. the voltage values of the individual wavelengths 
XI to Xn obtained by photoelectric conversion in accord- 
ance with the powers of them by the photodiodes 21-1 

55 to 21 -N are compared with the reference voltage VI by 
the comparators 274-1 to 274-N, respectively Then, the 
outputs of the comparators 274-1 to 274-N are amplified 
to a desired voltage value by the amplifiers 275-1 to 

275- N, respectively, and added by the adder 276 to 
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obtain a voftage value corresponding to the number of 
the input optical signals. The voltage value is supplied 
as a reference voltage (ALC-ref) for the ALC circuit 271 
(refer to FIG. 1 8) to the ALC circuit 271 . 

Then, the ALC circuit 271 produces a control volt- 
age for the pumping laser diode 22 based on the total 
power of the output optical signal obtained by the photo- 
diode 24 constructing the entire output light detection 
section 29A and the reference voltage (ALC-ref) from 
the optical signal identification section 272B and out- 
puts the control voltage to the pumping laser diode 22. 
Consequently, the pumping light output power of the 
pumping laser diode 22 is adjusted in accordance with 
the control voltage to control the powers of the compo- 
nent optical signals of the output optical signal of the 
wavelengths X^ to Xn to be outputted from the optical 
signal output line 20 so that they may be fixed equally 
on the output side of the EDF optical amplifier 16. 

In this manner, also with the modified multi-wave- 
length optical batch amplification apparatus shown in 
FIG. 20, the individual input light detection section 28A 
monitors input optical signals for the individual wave- 
lengths XI to Xn while the entire output light detection 
section 29A monitors the total power of the output opti- 
cal signal, and the control section 27 detects the output 
optical signal power per one wavelength of the wave- 
lengths XI to Xn and controls the pumping light output 
power of the pumping laser diode 22. Consequently, the 
powers of the component optical signals of the output 
optical signal on the output side of the EDF optical 
amplifier 1 6 can be controlled so that they may be fixed 
equally for the individual wavelengths XI to Xn. 

Further, in this instance, since the couplers 14-1 to 
14-N and the photodiodes 21 -1 to 21-N are used for the 
individual input light detection section 28A so that the 
input optical signals on the input side of the EDF optical 
amplifier 16 are monitored for the individual vwave- 
lengths XI to Xn from the optical signal input lines 12-1 
to 12-N, information for the control section 27 such as 
number infonration of input optical signals can be 
obtained with a higher degree of certainty. 

The individual input light detection section 28A may 
be constnjcled othenwise such that it may monitor input 
optical signals directly from the optical signal sources 
1 1 -1 to 11 -N for the individual wavelengths XI to Xn. 

While the multi-wavelength optical fc>atch amplifica- 
tion apparatus descrtoed hereinabove with reference to 
FIG. 18 is constoicted such that the pumping light out- 
put power of the pumping laser diode 22 is controlled to 
control the output powers of the component optical sig- 
nals of the output optical signal so that they may be 
fixed equally, it may be modified in such a manner as 
seen in FIG. 22. Refenring to FIG. 22, similarly as in the 
first embodiment described above, variable optical 
attenuators (ATT: optical amplifier output adjustment 
sections) 31-1 to 31-N are provided for the individual 
optical signal input lines 12-1 to 12-N. respectively, and 
the control section 27 controls the pumping light output 
power of the pumping laser diode 22 as well as the 



attenuation factors of the variable optical attenuators 
31-1 to 31-N based on control information (number 
information of the input optical signals, the total power 
of the output optical signals and so forth) for the control 
5 section 27 obtained by the individual input light detec- 
tion section 28A and the entire output light detection 
section 29A. Consequently, the powers of the conpo- 
nent optical signals of the output optical signal on the 
output side of the EDF optical ampl'rfier 16 can be con- 
10 trolled so that they may be fixed equally for the individ- 
ual wavelengths XI to Xn. 

It is to be noted that, in this instance, the ATT con- 
trol circuit 273 in the first embodiment having the con- 
struction described hereinabove with reference to FIG. 
15 1 3 is employed in the control section 27 and the attenu- 
ation factors of the variable optical attenuators 31-1 to 
31-N are controlled by the ATT control circuit 273. 

Further, also in this instance, where the individual 
input light detection section 28A is constructed such 
20 that the input optical signals on the input side of the EDF 
optical anplifier 16 are monitored for the individual 
wavelengths XI to Xn from the optical signal input lines 
12-1 to 12-N (or optical signal sources 1 1 -1 to 1 1 -N) as 
described hereinabove with reference to FIG. 20. con- 
25 trol information for the control section 27 such as 
number information of input optical signals can be 
olrtained with a higher degree of certainty 

The multi-wavelength optical batch anplification 
apparatus described hereinabove with reference to FIG. 
30 12 may be modified othenwise in such a manner as 
shown in FIG. 23. Referring to FIG. 23. in the mc<3ified 
multi-wavelength optical batch ampFification apparatus 
shown, the optical signal sources 1 1-1 to 1 1-N are con- 
structed as adjustable output optical signal sources 
35 whose outputs are adjustable, and the control section 
27 similarly detects the output power per one wave- 
length of the wavelengths XI to Xn from control infonna- 
tion (number information of the input optical signals, the 
total power of the output optical signals and so forth) for 
40 the control section 27 obtained by the individual input 
light detection section 28A and the entire output light 
detection section 29A. Then, the control section 27 con- 
trols tiie output powers of the punrping laser diode 22 
and the optical signal sources 11-1 to 1 1-N based on 
45 the thus detected output power per one wavelength to 
control the powers of the component optical signals of 
the output optical signal to be outputted from the optical 
signal output line 20 so that they may individually be 
fixed for the individual wavelengths XI to Xn on the out- 
50 put side of the EDF optical amplifier 1 6. 

It is to be noted that, in this instance, an E/O output 
control circuit 273* simflar to that employed in the first 
embodiment desaibed hereinabove with reference to 
FIG. 15 is enployed in the control section 27. and the 
55 outputs of the optical signal sources 1 1-1 to 1 1-N are 
controlled by the E/O output control circuit 273'. 

The multi-wavelengtti optical batch amplification 
apparatus of the embodiment described hereinabove 
with reference to FIG. 18 may be modified otherwise in 
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such a manner as shown in FIG. 24. Referring to FIG. 
24. in the modified multi -wavelength optical batch ampli- 
fication apparatus shown, variable optical attenuators 
(ATT: optical amplifier output adjustment sections) 31-1 
to 31 -N are provided for individual optical signal output 
lines of the WDM wave separator 19, and the control 
section 27 detects the output power per one wavelength 
of the wavelengths Xl to Xn from control information 
(number information of input optical signals, the total 
power of the output optical signals and so forth) for the 
control section 27 obtained from the individual input 
light detection section 28A and the entire output light 
detection section 29A. Then, the control section 27 con- 
trols the output powers of the pumping laser diode 22 
and the variable optical attenuators 31-1 to 31 -N based 
on the thus detected output power per one wavelength 
to control the powers of the output optical signals on the 
output side of the EDF optical amplifier 16 so that they 
may be fixed equally for the wavelengths XI to Xn in a 
similar manner as described above. 

Thereafter, the output optical signals of the wave- 
lengths XI to Xn are combined by the WDM wave com- 
biner 32 and outputted by way of the optical signal 
output line 20. 

It is to be noted that, in this instance, the ATT con- 
trol circuit 273 in the first embodiment having the con- 
struction described hereinabove with reference to FIG. 
13 is employed in the control section 27, and the atten- 
uation factors of the variable optical attenuators 31-1 to 
31 -N are controlled by the ATT control circuit 273. 

d. TNrd Embodiment 

Referring now to FIG. 25. there is shown in block 
diagram a construction of a multi-wavelength optical 
batch amplification apparatus according to a third pre- 
ferred embodiment of the present invention. The multi- 
wavelength optical batch amplification apparatus of the 
present emfc>odiment is a modification to and includes 
several conrwrion components to those of the multi- 
wavelength optical thatch amplification apparatus of the 
first emlxxfjment described hereinatx>ve with reference 
to FIG. 5. Overlapping detailed description of such com- 
mon comp)onents is omitted herein to avoid redundancy. 

The multi-wavelength optical batch amplification 
apparatus includes a plurality of optical signal sources 
(E/O) 1 1 -1 to 1 1 -N (N is a natural number) which output 
optical signals (input optical signals) of different wave- 
lengths XI to 7m (n is a natural number), and a plurality 
of optical signal input lines 12-1 to 12-N for transmitting 
the optica! signals of the different wavelengths from the 
optical signal sources 1 1 -1 to 1 1 -N. respectively. 

The multi-wavelength optical batch amplification 
apparatus further includes a wavelength multiplexing 
(WDM) wave contbiner 13. two couplers (CPL) 14 and 
18. an isolator (ISO) 15. an erbium doped fiber (EDF) 
optical amplifier 16, a wave combiner 17 and an optical 
signal output line 20 which transmits an output optical 



signal amplified in a batch by the EDF optical amplifier 
16. 

The multi-wavelength optical batch amplification 
apparatus further includes a photodiode (PD) 21, a 

5 laser diode (pumping laser diode (LD)) 22. an amplifica- 
tion section 25 for amplifying an electric signal output of 
the photodiode 21 to a required signal level, and a con- 
trol section 27. 

Then, also in the multi-wavelength optical batch 

10 amplification apparatus shown in FIG. 25, an individual 
input light detection section 28B for monitoring the pow- 
ers of input optical signals of the wavelengths XI to Xn 
on the Input side of the EDF optical amplifier 16 is 
formed from the tunable optical filter 23, the photodiode 

75 21 and the amplification section 25, and an individual 
output light detection section 29B for monitoring irxiivid- 
ual output optical signals for the individual wavelengths 
XI to Xn on the output side of the EDF optical amplifier 
16 is formed from the couplers 18-1 to 18-N which 

20 branch output optical signals separated by the WDM 
wave separator 19, the photodiodes (PD) 24-1 to 24-lsi 
which photo-electrically convert the output optical sig- 
nals branched by the couplers 18-1 to 18-N, respec- 
tively, and the amplification sections 26-1 to 26-N which 

25 amplify the electric signals obtained by the photodiodes 
24-1 to 24-N to a desired signal level, respectively. 
Thus, tiie ouiput optical signals after separated by the 
WDM wave separator 19 are individually rrK)nitored for 
the individual wavelengths X1 to Xn. 

30 In particular, in the multi-wavelength optical batch 
amplification apparatus of the present emkx)diment, 
input optical signals are nriordtored for the individual 
wavelengths X1 to Xn on the input side of the EDF opti- 
cal amplifier 16 by the individual input light detection 

35 section 28B and output optical signals are monitored for 
the individual wavelengths XI to Xn on the output side of 
the EDF optical amplifier 1 6 by the individual output light 
detection section 298. 

Further, in the multi-wavelength optical batch ampli- 

40 fication apparatus shown in FIG. 25. variable optical 
attenuators (ATT: optical amplifier output adjustment 
sections) 31-1 to 31-N are provided on the output side 
of the WDM wave separator 19 (on the ouiput side of 
the EDF optical amplifier 16) corresponding to the opti- 
cs cal signal sources 1 1-1 to 1 1-N, respectively. Then, the 
control section 27 controls the ouiput powers of the 
pumping laser diode 22 and the variable optical attenu- 
ators 31-1 to 31-N leased on the output power per one 
wavelength of the wavelengths XI to Xn obtained from 

so the individual input light detection section 28B and the 
individual output light detection section 298 to control 
the powers of the output optical signals on the output 
side of the EDF optical amplifier 16 so that they may be 
fixed equally for the wavelengths X1 to Xn. 

55 To this end, the control section 27 in the present 
embodiment includes an ALG circuit 271 . an optical sig- 
nal identification section 272A and a variabel optical 
attenuator (ATT) control circuit 273. Referring to FIG. 
26, the optical signal identification section 272A 
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includes a CPU 2722. a D/A converter 2723, a chopping 
wave generation circuit 2725. a plurality of A/D convert- 
ers 272-1 to 272-N. and a plurality of cun-ent to voltage 
(lAO converters 279-1 to 279-N. Meanwhile, the ATT 
control circuit 273 Includes a plurality of D/A converters s 
273-1 to 273-N. . 

Also in the present embodiment the chopping wave 
generation circuit 2725 generates a chopping wave 
which exhibits a maximum voltage value after each 
period t1 as seen in FIG. 9(a) and outputs the chopping io 
wave as an application voltage Vf il to the tunable optical 
filter 23 and as an input to the comparator 2727. The 
comparator 2726 compares a voltage value of an input 
optical signal transmitted through the tunable optical fil- 
ter 23 with a reference voltage V2 and outputs a "H" is 
level pulse as a pulse signal Sigl each time an input 
optical signal is received. The comparator 2727 com- 
pares the voltage value of the chopping wave supplied 
thereto from the chopping wave generation circuit 2725 
with another reference voltage V1 and outputs a "H" 20 
level pulse each time the voltage value of the chopping 
wave exhibits a level higher than the reference voltage 
VI. Thus, the comparator 2727 outputs a pulse signal 
Sig2 which exhilDits a "H" level after each period t1. 

The \N converters 279-1 to 279-N convert values of 25 
electric currents obtained by photoelectric conversion 
by the photodiodes 24-1 to 24-N from output optical sig- 
nals branched by the couplers 18-1 to 18-N into voltage 
values, respectively. The A/D converters 272-1 to 272-N 
convert the voltage values inputted thereto from the l/V 30 
converters 279-1 to 279-N into digital amounts and out- 
puts the digital values to the CPU 2722. 

The CPU 2722 also in this instance detects the 
number of pulses of the pulse signal Sigl from the com- 
parator 2726 within one period (tl) of the pulse signal 35 
Sig2 from the comparator 2727 to detect number infor- 
mation of the input optical signals and detects power 
information for the individual wavelengths X^ to Xn 
obtained by way of the l/V converters 279-1 to 279-N 
and the A/D converters 272-1 to 272-N. Then, the CPU 40 
2722 produces control voltages for the pumping laser 
diode 22 and the variable optical attenuators 31 -1 to 31 - 
N teased on the number information and the power infor- 
mation thus detected and outputs the control voltages 
each in the form of a digital amount. ^ 

The D/A converters 273-1 to 273-N and the D/A 
converter 2723 convert the voltage values each in the 
form of a digital amount from the CPU 2722 into analog 
signals. 

In the muHi-wavelenglh optical batch amplification so 
apparatus of the construction described above, when 
input optical signals of differeit wavelengths X^ to Xn 
from the optical signal sources 1 1 -1 to 1 1 -N are ampli- 
fied in a batch by the EDF optical amplifier 16 and are 
separated into output optical signals of the individual 55 
wavelengths X^ to Xn by the WDM wave separator 1 9 to 
obtain the output optical signals, a multi-wavelength 
input optical signal branched by the coupler 14 is trans- 
mitted through the tunable optical filter 23 for the individ- 



ual wavelengths A.1 to Xn in response to an application 
voltage Vf 11 received from the optical signal identification 
section 272A. Then, the input optical signals of the 
multi-wavelength optical signal are converted into elec- 
tric signals based on the powers thereof for the individ- 
ual wavelengths XI to Xn by the photodiode 21 and 
outputted to the control section 27. 

Meanwhile, in the individual output light detection 
section 29B, the output optical signals for the individual 
wavelengths XI to Xn branched by the couplers 18-1 to 
18-N are converted into electric signals by the photodi- 
odes 24-1 to 24-N, respectively, and outputted to the 
control section 27. 

Then, in the optical signal identification section 
272A of the control section 27, the CPU 2722 detects 
number inforn^tion of the input optical signals from the 
pulse signals Sig1 and Sig2 and the l/V converters 279- 
1 to 279-N convert the electric currents of the output 
optical signals for the individual wavelengths XI to Xn 
from the photodiodes 24-1 to 24-N into voltage values, 
respectively. The voltage values are converted into voit- 
age values each in the form of a digital amount by the 
A/D converters 272-1 to 272-N to obtain the output pow- 
ers of the individual wavelengtlis XI to Xn. respectively. 
The power per one wavelength is calculated based on 
the number information arxJ the output power. 

Then, the CPU 2722 outputs a control voltage in the 
form off a digital amount for controlling the power per 
one wavelengtti to a desired power. The control voKsae 
is converted into voltage values each in the form of an 
analog amount by tiie D/A converter 2723 and the D/A 
converters 273-1 to 273-N and outputted as control volt- 
ages for tiie punrping laser diode 22 and the A/D con- 
verters 272-1 to 272-N. respectively. 

As a result, tiie pumping light output power of the 
pumping laser diode 22 and the attenuation factors of 
tiie variable optical attenuators 31-1 to 31-N are 
adjusted based on the control voltages to contro' ' csd- 
fbrward control) tiie output optical signals so ti^^'. tfie 
output power per one wavelength may be fixed equally 
on the output side of the EDF optical amplifier 1 6. In tills 
instance, the feedback control is achieved by construct- 
ing the multi-wavelengtti optical batch ampli«»: »tion 
apparatus such tiiat tiie output of tiie individue .n^UMJ^ 
light detection section 29B is inputted to the ALC :xck^ 
271 and the output of the individual input Dgiit detection 
section 28B is inputted to the optical signal identif icalion 
section 272A. 

In this manner, with the multi-wavelength optical 
batch amplification apparatus of the present embodi- 
ment, when input optical signals of different wave- 
lengtiis XI to Xn from the optical signal sources 1 1 -"i to 
1 1-N are amplified in a t>atch by tiie EDF optical ampli- 
fier 16 and are branched into output optical sigr^ls for 
■ tiie individual wavelengtiis XI to Xn by ttie WDM wave 
separator 19 to obtain the output optical signals, the 
input optical signals can be monitored for the individual 
wavelengths XI to Xn on the input side of the EDF opti- 
cal amplifier 16 by the individual input light detection 
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section 28B and the output optical signals can be moni- 
tored for the individual wavelengths A,1 to Xn on the out- 
put side of the EDF optical amplifier 1 6 by the individual 
output light detection section 29B. 

Accordingly, the control section 27 can control the 5 
output powers of the pumping laser diode 22 and the 
variable optical attenuators 31-1 to 31 -N based on the 
output power per one wavelength of the wavelengths A,1 
to }jn obtained from the individual input light detection 
section 28B and the individual output light detection io 
section 298 to control the powers of the output optical 
signals on the output side of the EDF optical amplifier 
16 so that they nnay be fixed equally for the individual 
wavelengths XI to Xn. Consequently, even if the power 
of an optical signal of some wavelength from among the is 
input optical signals of the different wavelengths X1 to 
Xn drops, the powers of the output optical signals on the 
output side of the EDF optical amplifier 16 can be con- 
trolled so that they may be fixed equally for the individ- 
ual wavelengths X1 to Xn. 20 

Further, with the multi-wavelength optical batch 
amplification apparatus shown in FIG. 25. since control 
information such as number information, the powers 
and so forth of optical signals for the control section 27 
can be obtained not only from the input side but also 25 
from the output side of the EDF optical amplifier 16 by 
means of the individual output light detection section 
298, the powers of the output optical signals on the out- 
put side of the EDF optical amplifier 16 can be control- 
led so that they may be fixed equally for the individual 30 
wavelengths XI to Xn. 

It is to be noted that the individual input light detec- 
tion section 288 may be constructed in such a manner 
as shown in FIG. 20 wherein it includes a plurality of 
couplers 14-1 to 14-N, a plurality of photodiodes (PD) 35 

21 -1 to 21 -N and a plurality of anrplif ication sections 25- 
1 to 25-N and the input optical signals from the optical 
signal input lines 1 2-1 to 1 2-N are monitored for the indi- 
vidual wavelengths XI to Xn, Meanwhile, the individual 
output light detection section 298 can be constructed in 40 
such a manner as shown in FIG. 5 wherein it includes a 
tunable optical filter 23 and an amplification section 26. 

The individual input light detection section 288 may 
alternatively be constructed such that it directly moni- 
tors the input optical signals from the optical signal 45 
sources 1 1-1 to 11 -N for the individual wavelengths XI 
toXn. 

It is to be noted ttiat, while the control section 27 in 
the multi-wavelength optical fc>atch amplification appara- 
tus described above controls the pumping laser diode so 

22 and the variable optical attenuators 31-1 to 31 -N. 
also tiie multi-wavelength optical batch amplification 
apparatus in the present embodiment may be modified, 
similarly as described hereinabove in connection with 

the first and second embodiments, such that the control ss 
section 27 controls only the punnping laser diode 22 
based on the output power per one wavelength of the 
wavelengths XI to Xn obtained by the individual input 
light detection section 288 and the individual output 



ligfit detection section 298. Also in the modified multi- 
wavelength optical t)atch amplification apparatus, the 
powers of the output optical signals on the output side of 
the EDF optical amplifier 16 can be controlled so that 
they may be fixed equally for the individual wavelengths 
XI to Xn. 

Further, similarly as described hereinabove in con- 
nection with the first and second embodiments, the 
multi-wavelength optical batch anplification apparatus 
of the present embodiment may othenwise be modified 
such that variable optical attenuators 31-1 to 31 -N are 
provided for the individual optical signal input lines 12-1 
to 12-N. respectively, and tiie control section 27 controls 
the variable optical attenuators 31-1 to 31 -N provided 
for the optical signal input lines 12-1 to 12-N based on 
the output power per one wavelength of the wave- 
lengths X1 to Xn obtained by the individual input light 
detection section 288 and the individual output light 
detection section 298. Also in this instance, the powers 
of the output optical signals can be controlled so that 
they may be fixed equally for the individual wavelengths 
XI to Xn. 

Furthermore, similarly as described hereinabove in 
connection with the first and second embodiments, the 
multi-wavelength optical batch amplification apparatus 
of the present embodiment may othenA^ise be modified 
such that the optical signal sources (EAD) 1 1-1 to 1 1-N 
are constructed as adjustable output optical signal 
sources whose outputs are adjustable, and the control 
section 27 directly adjusts tiie outputs of the optical sig- 
nal sources 1 1 -1 to 1 1 -N based on the output power per 
one wavelength of the individual wavelengths XI to Xn 
otrtainaJ by the individual input light detection section 
288 and the individual output light detection section 
298. Also in this instance, the powers of the output opti- 
cal signals on the output side of tiie EDF optical ampli- 
fier 16 can be controlled so tiiat they may uniformly be 
fixed for the individual wavelengtiis XI to Xn. 

e. Fourth Embodiment 

Refening now to FIG. 27, there is shown in block 
diagram a construction of a multi-wavelength optical 
batch amplification apparatus according to a fourth pre- 
ferred embodiment of the present invention. The multi- 
wavelength optical batch amplification apparatus of the 
present embodiment is a modification to and includes 
several common components to those of the multi- 
wavelengtii optical batch amplif k:ation apparatus of ti^e 
first embodiment described hereinabove with reference 
to FIG. 5. Overlapping detailed description of such com- 
mon components is omitted herein to avoid redundancy. 

The multi-wavelength optical batch amplification 
apparatus includes a plurality of optical signal sources 
(E/O) 1 1 -1 to 1 1-N (N is a natural number) which output 
optical signals (input optical signals) of different wave- 
lengths XI to Xn (n is a natural number), and a plurality 
of optical signal input lines 12-1 to 12-N for transnvtting 
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the optical signals of the different wavelengths from the 
optical signal sources 1 1 -1 to 1 1 -N. respectively. 

The multi-wavelength optical batch amplification 
apparatus further includes a wavelength multiplexing 
(WDM) wave combiner 13, two couplers (CPL) 14 and 
18. an isolator (ISO) 15, an erbium doped fiber (EDF) 
optical amplifier 16, a wave combiner 17 and an optical 
signal output line 20 which transmits an output optical 
signal amplified in a batch by the EDF optical amplifier 
16. 

The multi-wavelength optical batch amplification 
apparatus further includes a photodlode (PD) 21, a 
laser diode (pumping laser diode (LD)) 22, a tunable 
optical filter 23. an amplification section 25 for amplify- 
ing an electric signal output of the photodiode 21 to a 
required signal level, and a control section 27. 

Then, also in the muhi-wavelength optical batch 
amplification apparatus shcvirn in FIG. 27. an individual 
input light detection section (means) 28C for monitoring 
the powers of input optcal signals of the wavelengths 
XI to Xji on the input side of the EDF optical amplifier 16 
is formed from the tunaWe optical f nter 23. the photodi- 
ode 21 and the amplification section 25. It is to be noted 
that the multi-wavelength optical batch amplification 
apparatus in the present embodiment does not include 
means for monitoring output optical signals on the out- 
put side of the EDF optical amplifier 16. 

Thus, the control section 27 in the present embodi- 
ment includes, as seen in FIG. 27. an automatic power 
control (ARC) circuit 271 C and an optical signal identifi- 
cation section 272C. 

The ARC circuit 271 C controls the punrping light 
output power of the pumping laser diode 22 to a fixed 
value. The optical signal identification section 272C 
delects, from input optical signals of the individual 
wavelengths A.1 to Xn which have transmitted through 
the tunable optical filter 23 of the individual input light 
detection section 28C, number information of the input 
optical signals. 

Referring to FIG. 28, the ARC circuit 271 C includes 
a photodiode (PD) 281 . a comparator 282 and an ampli- 
fier 233. Meanwhile, the optical signal identification sec- 
tion 272C includes a CPU 2722. a D/A converter 2723. 
a chopping wave generation circuit 2725, two compara- 
tors 2726 and 2727. a read only memory (ROM) 284 
and a resistor R18. 

In the ARC circuit 2710. the conparator 282 com- 
pares a control voltage (ARC-ref) from the optical signal 
identification section 272C, which will be described 
below, with a reference voltage produced by the photo- 
diode (RD) 281 and the resistor R19 to produce and out- 
put a control voltage for the pumping laser diode 22. 
The amplifier 283 amplifies the output of the comparator 
282 to a desired voltage value. 

On the other hand, in the optical signal identification 
section 2720, also the chopping wave generation circuit 
2725 in the present embodiment generates a chopping 
wave which exhibits a maximum voltage value VI, for 
example, after each time period t1 as described herein- 



above with reference to FIG. 9(a) and outputs the chop- 
ping wave as an application voltage Vfil to the tunable 
optical filter 23 and as an applied voltage to the compa- 
rator 2726. The comparator 2726 compares the output 
5 voltage of the chopping wave generation circuit 2725 
with another reference voltage V2 and outputs a pulse 
signal Sigl (refer to FIG. 9(b)) which exhibits a "H" level 
each time the output voltage of the chopping wave gen- 
eration circuit 2725 exhibits a higher value than the ret- 
ro erence voltage VI . 

The comparator 2727 compares the voltage of an 
input optical signal obtained by photoelectric conversion 
by the photodiode 21 on the input side with the refer- 
ence voltage V2 and outputs a pulse signal Sig2 (refer 
15 to FIG. 9(b)) which exhibits a "H" level pulse each time 
the total power of the input optical signals becomes 
higher than the reference voltage V2. When a "H" level 
pulse is outputted from the comparator 2727, it is recog- 
nized by the CPU 2722 that the level of some of the 
20 input optical signals has dropped (including an interrup- 
tion condition). 

The CPU 2722 detects number information of the 
input optical signals based on the outputs of the compa- 
rators 2726 and 2727 and outputs a voltage corre- 
25 spending to the number information as a control voltage 
(ARC-ref) for the ARC circuit 2710 in the form of a dig- 
ital amount. TTie D/A converter 2723 converts the con- 
trol voltage (APC-ref) in the form of a digital amount 
from the CPU 2722 into an analog signal and oulputs 
30 the analog signal to the ARC circuit 271 0 

The ROM 284 stores data to be used for processing 
performed by the CPU 2722. 

In the multi-wavelength optical batch amplification 
apparatus of the present embodiment having the con- 
35 struction desaibed atx>ve, when input optical signals of 
different vwavelengths XI to An from the optical signal 
sources 11-1 to 11 -N are amplified in a batch by the 
EDF optical amplifier 16, a multi-wavelength input opti- 
cal signal branched by the coupler 14 is inputted to the 
40 tunable optical filter 23. The thus inputted optical signal 
is transmitted through the tunatjie optical filter 23 for the 
individual vmvelengths XI to Xn in response to an appli- 
cation voltage Vfil received from the chopping wave 
generation circuit 2725 of the optical signal identification 
45 section 272C. Then, the input optical signals of the 
multi-wavelength optical signal having transmitted 
through the tunable optical filter 23 are converted into 
electric signals con-esponding to the powe-s of the input 
optical signals for the individual wavelengths XI to Xn t>y 
so the photodiode 21 and outputted to the control section 
27. 

Further, in the optical signal identification section 
272C of the control section 27. the CPU 2722 counts 
the number of pulses of the pulse signal Sigl within one 
55 period (t1) of the pulse signal Sig2 to obtain nurnber 
information of the input optical signals. Then, tfie CPU 
2722 outputs a voltage value of a control voltage in the 
form of a (Sgital signal for controlling the power per one 
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wavelength to a desired level in response to the number 
information. 

The digital signal is converted into a voltage value 
in the form of an analog amount by the D/A converter 
2723 and outputted as a control voltage (APC-ref) for 
the APC circuit 271 C. In the APC circuit 271 C. the con- 
trol voltage (APC-ref) is outputted to the pumping laser 
diode 22 by way of the comparator 282 and the amplifier 
283. 

As a result, the APC circuit 271 C adjusts the pump- 
ing light output power of the pumping laser diode 22 to 
control (feedfonward control) the power per one wave- 
length of the component optical signals of the output 
optical signal so that it may be fixed on the output side 
of the EOF optical amplifier 16. 

In this manner, with the multi-wavelength optical 
batch amplification apparatus of the present embodi- 
ment, when input optical signals of different wave- 
lengths XI to Xn from the optical signal sources 1 1-1 to 
1 1-N are amplified in a batch by the EDF optical ampli- 
fier 1 6 to obtain an output optical signal, the input optical 
signals can be monitored for the individual wavelengths 
X1 to Xn on the input side of the EDF optical amplifier 1 6 
by the individual input light detection section 280 and 
the control section 27 can control the pumping laser 
diode 22 based on control information (the number 
information of the irput optical signals and so forth) for 
the control section 27 obtained by the individual input 
light detection section 28C. 

Accordingly, the power of the output optical signal 
on the output side of the EDF optical amplif ier 1 6 can be 
controlled so that it may be fixed equally for the individ- 
ual wavelengths X.1 to Xn. Consequently, even if the 
power of an optical signal of some wavelength from 
among the input optical signals of the different wave- 
lengths X^ to Xji in a multiplexed combined condition 
drops, the power of the output optical signal on the out- 
put side of the EDF optical amplifier 16 can be control- 
led so that it may be fixed equally for the individual 
wavelengths X^ to Xn. 

Further, in the present embodiment, since the indi- 
vidual input light detection section 28C for monitoring 
input optical signals for the individual wavelengths XI to 
Xn is provided only on the input side of the EDF optical 
amplifier 16. the power per one wavelength of the wave- 
lengths XI to Xn can be obtained and the power of the 
output optical signal can be controlled so that it may be 
f ixed equally for the individual wavelengths X1 to Xn with 
a very simple construction. 

Also the multi-wavelength optical batch amplifica- 
tion apparatus of the present embodiment may be mod- 
ified, similarly as described hereinabove in connection 
with the first to third eml)Odiments. in such a manner as 
seen in FIG. 29. Refening to FIG. 29. the modified multi- 
wavelength optical batch amplification apparatus shown 
includes variable optical attenuators (ATT: optical ampli- 
fier output adjustment means) 31-1 to 31 -N provided for 
the individual optical signal input lines 12-1 to 12-N. and 
the control section 27 controls the pumping laser diode 



22 and the variable optical attenuators 31-1 to 31 -N 
teased on the power per one wavelength of the wave- 
lengths X1 to Xn obtained by the individual input light 
detection section 28C described above. Also in this 
5 instance, the power of the output optical signal on the 
output side of the EDF optical amplifier 16 can be con- 
trolled so that it may be fixed equally for the individual 
wavelengths X1 to Xn. 

In this instance, the control section 27 includes a 
10 variable optical attenuator (ATT) control circuit 273. 
Meanwhile, the optical signal identification section 272C 
includes, as shown in FIG. 30. a read only memory 
(ROM) 284, A/D converters 285 and 286. a CPU 2722, 
a D/A converter 2723. a chopping wave generation cir- 
75 cuit 2725 and a resistor R1 8. The ATT control circuit 273 
includes D/A converters 273-1 to 273-N. 

Also in the multi-wavelength optical batch amplifica- 
tion apparatus shown in FIG. 29, when input optical sig- 
nals of different wavelengths X1 to Xn from the optical 
20 signal sources 1 1-1 to 1 1-N are amplified in a batch by 
the EDF optical amplifier 16. the multi-wavelength input 
optical signal branched by the coupler 14 is transmitted 
through the tunable optical filter 23 for the individual 
wavelengths XI to Xn in response to an application volt- 
es age Vfil received from the optical signal identification 
section 272A and converted into electric signals cone- 
sponding to the powers of the input optical signals of the 
individual wavelengths XI to Xn by the photodiode 21 . 
The electric signals are outputted to the control section 
30 27. 

Then, in the optical signal identification section 
272C of the control section 27. the CPU 2722 counts 
the number of pulses of the pulse signal Sigl within one 
period (t1) of the pulse signal Sig2 to obtain number 

35 information of the input optical signals. Then, the CPU 
2722 outputs voltage values of control voltages each in 
the form of a digital signal for controlling the power per 
one wavelength to a desired level in accordance with 
the number information. The digital signals are output- 

40 ted to the D/A converters 273-1 to 273-N and the D/A 
converter 2723. 

The digital signals are converted into voltage values 
each in the form of an analog amount by the D/A con- 
verters 273-1 to 273-N and the D/A converter 2723 and 

45 outputted as control voltages for the variable optical 
attenuators 31-1 to 31-N and a control voltage (APC- 
ref) for the APC circuit 271 C. respectively 

As a result, the APC circuit 271 C adjusts the pump- 
ing tight output power of the pumping laser diode 22 and 

50 adjusts the attenuation factors of the variable optical 
attenuators 31-1 to 31-N to perform feedforward control 
of the powers of the output optical signals of the individ- 
ual wavelengths XI to Xn on the output side of the EDF 
optical amplifier 16 so that they may be fixed equally. 

55 Accordingly, with the multi-wavelength optical batch 
amplification apparatus described above, when input 
optical signals of different wavelengths XI to Xn from tiie 
optical signal sources 11-1 to 11-N are amplified in a 
batch by the EDF optical anrplifier 16, the input optical 
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signals can be monitored for the individual wavelengths 
XMoXn on the input side of the EDF optical amplifier 1 6 
by the individual input light detection section 28C and 
the control section 27 can control the pumping light out- 
put power of the pumping laser diode 22 and the atten- 
uation factors of the variable optical attenuators 31 -1 to 
31 -N provided for the optica! signal input lines 12-1 to 
12-N based on the output power per one wavelength of 
the wavelengths A.1 to Xn obtained by the individual 
input light detection section 28C, respectively. 

Accordingly, comparing with an alternative control 
wherein only the pumping light output power of the 
pumping laser diode 22 is controlled, the powers of the 
output optical signal on the output side of the EDF opti- 
cal amplifier 16 can be controlled with a higher degree 
of certainty so tiiat it may be fixed equally for the individ- 
ual wavelengths A,1 to Xji. Consequentiy. even if the 
power of an optical signal of some wavelength from 
among the input optical signals of the different wave- 
lengths X^ to Xn drops, tiie power of the output optical 
signal on the output side of tiie EDF optical amplifier 16 
can be controlled so that it may be fixed equally for the 
individual wavelengths X^ to Xn. 

Further, also the multi-wavelength optical batch 
amplification apparatus of the present embodiment may 
be modified, similarly as described hereinabove in con- 
nection with the first to third embodiments, in such a 
manner as seen in FIG, 31. Referring to FIG. 31. in the 
modified nxiiti-wavelength optical batch amplification 
apparatus shown, tiie optical signal sources 1 1 -1 to 1 1 - 
N are constructed as adjustable output optical signal 
sources whose outputs are adjustable, and the control 
section 27 directly controls the outputs of the optical sig- 
nal sources 1 1-1 to 1 1 -N based on tine output power per 
one wavelength off the individual wavelengths X^ to Xn 
obtained by the individual input light detection section 
28C. Also in this instance, the powers of the component 
optical signals of the output optical signal on the output 
side of the EDF optical amplifier 16 can be controlled so 
that they may be fixed equally for the ffidividua! wave- 
lengths XI to Xn. 

The multi^avelength optical batch amplification 
apparatus of the present embodiment may be modified 
otherwise in such a manner as shown in FIG. 32. Refer- 
ring to FIG. 32, in the modified multi-wavelength optical 
batch amplification apparatijs shown, the variable opti- 
cal attenuators 31-1 to 31 -N described hereinatx>ve are 
provided for optical output lines of tfie WDM wave s^- 
rator 19. and the control section 27 controls the attenu- 
ation factors of the variable optical attenuators 31-1 to 
31 -N based on tiie output power per one wavelength of 
the wavelengths XI to Xn obtained by the individual 
input light detection section 28C to conti-ol tiie powers of 
the component optical signals of the output optical sig- 
nal on the output side so that they may be fixed equally 
for the wavelengths XI to Xn in a similar manner as 
described above. 

The present invention is not limited to the specifi- 
cally described embodiment, and variations and modifi- 



cations may be made without departing from the scope 
of the present invention. 

Claims 

5 

1. A multi-wavelengtii optical batch amplification 
apparatus, characterized in that it comprises: 

a plurality of optical signal sources (1 -1 to 1 -N) 
10 for outputting a plurality of optical signals hav- 

ing different wavelengths from each other; 
a plurality of optical signal Input lines (2-1 to 2- 
N) for transmitting tine optical signals of the dif- 
ferent wavelengths from said optical signal 
15 sources (1 -1 to 1 -N); 

a wave combiner (3) for combining the input 
optical signals from said optical signal input 
lines (2-1 to 2-N) into a multi^avelength opti- 
cal signal; 

20 an optical amplifier (4) for amplifying the multi- 

wavelength optical signal from said wave com- 
biner (3) in a batch; 

entire input light detection means (7) for moni- 
toring a power of tiie entire input optical signals 

25 on tiie input side of said optical amplifier (4); 

individual output light detection means (8) for 
monitoring a power of the output optical signal 
on tiie output side of said optical amplifier (4) 
for the individual different wavelengths; 

30 optical amplifier output adjustinent means (9) 

for adjusting the output of said optical amplifier 
(4); and 

control means (10) for controlling said optical 
amplifier output adjustment means (9) based 

35 on results of detection by said entire input light 

detection means (7) and said individual output 
light detection means (8) so tiiat the power of 
the output optical signal on the output side of 
said optical amplifier (4) may be fixed equally 

40 for the individual different wavelengths. 

2. A midti-wavelengtti optical batch amplification 
apparatus as set forth in daim 1 , characterized in 
tiiat said individual output light detection means (8) 
45 includes a tunable optical filter for monitoring the 
power of the output optical signal on the output side 
of said optical amplifier (4) for tiie individual differ- 
ent wavelengths. 

so 3. A multi-wavelengtii optical batch amplification 
apparatus as set forth in daim 1 , characterized in 
tiiat said individual output light detection means (8) 
monitors powers of optical signals separated from 
tiie output optical signal on tiie output side of said 

55 optical amplifier (4). 

4. A multi-wavelengtii optical batch amplification 
apparatus as set forth in daim 1 . characterized in 
tiiat said optical amplifier output adjustment means 
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(9) includes a pumping light source for said optical 
amplifier (4). and said control means (10) controls 
said pumping light source based on the results of 
detection by said entire input light detection means 

(7) and said individual output light detection means 5 

(8) so that the power of the output optical signal on 
the output side of said optical amplifier (4) may be 
fixed equally lor the individual different vwave- 
lengths. 

10 

5. A multi-wavelength optical batch amplification 
apparatus as set forth in claim 1, characterized in 
that said optical amplifier output adjustment means 

(9) includes optical signal attenuation means pro- 
vided for said optical signal input lines (2-1 to 2-N), is 
and said control means (10) controls said optical 
signal attenuation means based on the results of 
detection by said entire input light detection means 

(7) and said individual output light detection means 

(8) so that the power of the output optical signal on 20 
the output side of said optical amplifier (4) may be 
fixed equally for the individual different wave- 
lengths. 

6- A multi-wavelength optical batch amplification 25 
apparatus as set forth in claim 1. characterized in 
that said optical signal sources (1 -1 to 1-N) are indi- 
vidually formed as adjustable output optical signal 
sources which serve also as said optical amplifier 
output adjustment means (9), and said control so 
means (10) controls said adjustable output optical 
signal sources based on the results of detection by 
said entire input light detection means (7) and said 
individual output light detection means (8) so that 
the power of the output optical signal on the output 
side of said optical amplifier (4) may be fixed 
equally for the individual different wavelengths. 

7. A multi-wavelength optical batch amplification 
apparatus as set forth in claim 1, characterized in 
that said optical amplifier output adjustment means 

(9) includes a plurality of optical signal attenuation 
means for Individually adjusting attenuation factors 
of optical signals separated from the output optical 
signal on the output side of said optical amplifier 
(4). and said control means (10) controls said opti- 
cal signal attenuation means based on the results 
of detection by said entire input light detection 
means (7) and said individual output light detection 
means (8) so that the power of the output optical 
signal on the output side of said optical amplifier (4) 
may be fixed equally for the individual different 
wavelengths. 

8. A multi-wavelength optical batch amplification 
apparatus, characterized in that it comprises: 



a pluralrty of optical signal sources (1-1 to 1-N) 
for outputting a plurality of optica! signals hav- 
ing different wavelengths from each other; 
a plurality of optical signal input lines (2-1 to 2- 
N) for transmitting the optical signals of the dif- 
ferent wavelengths from said optical signal 
sources (1-1 to 1-N); 

a wave combiner (3) for combining the input 
optical signals from said optical signal input 
lines (2-1 to 2-N) into a multi-wavelength opti- 
cal signal; 

an optical anplifier (4) for anplifying the multi- 
wavelength optical signal from said wave com- 
biner (3) in a batch; 

individual input light detection means (7 A) for 
monitoring powers of the input optical signals 
on the input side of said optical amplifier (4); 
entire output light detection means (8A) for 
monitoring a power of the entire output optical 
signal on the output side of said optical ampli- 
fier (4); 

optical amplifier output adjustment means (9) 
for adjusting the output of said optical anrplifier 
(4); and 

control means (10A) for controlling said optical 
amplifier output adjustment means (9) teased 
on results of detection by said individual input 
light detection means (7A) and said entire out- 
put light detection means (8A) so that the 
power of the output optical signal on the output 
side of said optical anrplifier (4) may be fixed 
equally for the individual different wavelengths. 

9. A multi-wavelength optical batch amplification 
apparatus as set forth in claim 8, characterized in 
that said individual input light detection means (7A) 
includes a tunable optical filter for monitoring pow- 
ers of the input optical signals on the input side of 
said optical amplifier (4). 

10. A multi-wavelength optical batch amplification 
apparatus as set forth in claim 8, characterized in 
that said individual input light detection means (7 A) 
monitors powers of the input optical signals from 
said optical signal sources (1 -1 to 1 -N) or said opti- 
cal signal input lines (2-1 to 2-N). 

11. A multi-wavelength optical batch amplification 
apparatus as set forth in daim 8. characterized in 
that said optical amplrfier output adjustment means 
(9) includes a pumping light source for said optical 
amplifier (4). and said control means (10A) controls 
said pumping light source based on the results of 
detection by said indivtiual input light detection 
means (7 A) and said entire output light detection 
means (8A) so that the power of the output optical 
signal on the output side of said optical amplifier (4) 
may be fixed equally for the individual different 
wavelengths. 
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12. A multi-wavelength optical batch amplification 
apparatus as set forth in claim 8, characterized in 
that said optical amplifier output adjustment means 
(9) includes optical signal attenuation means pro- 
vided for said optical signal input lines (2-1 to 2-N), 
and said control means (10A) controls said optical 
signal attenuation means teased on the results of 
detection by said individual input light detection 
means (7 A) and said entire output light detection 
means (8A) so that the power of the output optical 
signal on the output side of said optical amplifier (4) 
may be fixed equally for the individual different 
wavelengths. 

13. A multi-wavelength optical batch amplification 
apparatus as set forth in claim 8, characterized in 
that said optical signal sources (1 -1 to 1 -N) are Indi- 
vidually formed as adjustable output optical signal 
sources which serve also as said optical amplifier 
output adjustment means (9), and said control 
means (10A) controls said adjustable output optical 
signal sources based on the results of detection by 
said individual input light detection means (7 A) and 
said entire output light detection means (8A) so that 
the power of the output optical signal on the output 
side of said optical amplifier (4) may be fixed 
equally for the individual different wavelengths. 

14. A multi-wavelength optical batch anplification 
apparatus as set forth in claim 8, characterized in 
that said optical amplifier output adjustment means 
(9) includes a plurality of optical signal attenuation 
means for individually adjusting attenuation factors 
of optical signals separated from the output optical 
signal on the output side of said optical amplifier 
(4). and said control means (10A) controls said opti- 
cal signal attenuation means based on the results 
of detection by said individual input light detection 
means (7 A) and said entire output light detection 
means (8A) so tiiat the power of the output optical 
signal on the output side of said optical amplifier (4) 
may be fixed equally for the individual different 
wavelengths. 



an optical amplifier (4) for amplifying tiie multi- 
wavelength optical signal from said wave com- 
biner (3) in a batch; 

individual input light detection means (7B) for 
5 monitoring powers of the input optical signals 

on tiie input side of optical amplifier (4); 
individual output light detection means (88) for 
monitoring a power of the output optical signal 
on tine output side of said optical amplifier (4) 
10 for the individual different wavelengths; 

optical amplifier output adjustment means (9) 
for adjusting the output of said optical amplifier 
(4); and 

control means (10B) for controlling said optical 
amplifier output adjustment means (9) based 
on results of detection by said individual input 
light detection means (7B) and said individual 
output light detection means (8B) so that the 
power of the output optical signal on the output 
side of said optical amplifier (4) may be fixed 
equally for the individual different wavelengths. 

16. A multi-wavelength optical batch amplification 
apparatus as set forth in claim 15, characterized in 
tiiat said individual input light detection means (78) 
includes a tunable optical f ilter for monitoring pow- 
ers of the input optical signals on the input side of 
said optical amplifier (4). 

30 17. A nnulti-wavelengtti optical batch amplification 
apparatus as set forth in daim 15. characterized in 
tiiat said individual input light detection means (78) 
monitors powers of the input optical signals from 
said optical signal sources (1-1 to 1-N) or said opti- 
cal signal input lines (2-1 to 2-N). 

18. A multi-wavelengtfi optical batch ampfification 
apparatus as set forth in daim 15, ctiaracterized in 
that said individual output light detection means 
(8B) includes a tunable optical filter for monitoring 
powers of tiie output optical signal on tiie output 
side of said optical amplifier (4) for the individual dif- 
ferent waveiengtiis. 
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15. A mufti-wavelength optical batch amplification 45 
apparatus, characterized in that it comprises: 



a plurality of optical signal sources (1-1 to 1-N) 
for outputting a plurality of optical signals hav- 
ing different wavelengths from each otiier; 
a plurality of optical signal input lines (2-1 to 2- 
N) for transmitting tiie optical signals of ttie dif- 
ferent wavelengths from said optical signal 
sources (1-1 to 1-N); 

a wave combiner (3) for combining the input 
optical signals from said optical signal input 
lines (2-1 to 2-N) into a multi-wavelength opti- 
cal signal; 



55 



19. A multi-wavelengtti optical batch amplification 
apparatus as set forth in daim 15, characterized in 
that said individual output light detection means 
(88) monitors powers of optical signals separated 
from the output optical signal on the output side of 
said optical amplifier (4). 

20. A multi-wavelength optical batch amplification 
apparatus as set forth in claim 15, characterized in 
that said optical amplifier output adjustment means 
(9) indudes a pumping light source for said optical 
amplifier (4). and said control means (108) controls 
said pumping light source based on tiie results of 
detection by said individual input light detection 
means (78) and said individual output light detec- 
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tion means (8B) so that the power of the output opti- 
cal signal on the output side of said optical amplifier 
" (4) may be fixed equally for the individual diifferent 
wavelengths. 

21. A mufti-wavelength optical batch amplification 
apparatus as set forth in daim 15, characterized in 
that said optical amplifier output adjustment means 
(9) includes optical signal attenuation means pro- 
vided for said optical signal input lines (2-1 to 2-N). 
and said control means (10B) controls said optical 
signal attenuation means based on the results of 
detection by said irKfividual input light detection 
means (7B) and said individual output light detec- 
tion means (88) so that the power of the output opti- 
cal signal on the output side of said optical amplifier 
(4) may be fixed equally for the individual different 
wavelengths. 

22. A multi-wavelength optical batch amplification 
apparatus as set forth in claim 15. characterized in 
that said optical signal sources (1 -1 to 1 -N) are indi- 
vidually formed as adjustable output optica) signal 
sources which serve also as said optical amplifier 
output adjustment means (9), and said control 
means (1 OB) controls said adjustable output optical 
signal sources based on the results of detection by 
said individual input light detection means (7B) and 
said individual output light detection means (SB) so 
that the power of the output optical signal on the 
output side of said optical amplifier (4) may be fixed 
equally for the individual different wavelengths. 

23. A multi-wavelength optical batch amplification 
apparatus as set forth in claim 15, characterized in 
that said optical amplifier output adjustment means 
(9) includes a plurality of optical signal attenuation 
means for individually adjusting attenuation factors 
of optical signals separated from the output optical 
signal on the output side of saki optical amplifier 
(4), and said control means (10B) controls said opti- 
cal signal attenuation means based on the results 
of detection by said individual input light detection 
means (7B) and said individual output light detec- 
tion means (SB) so that the power of the output opti- 
cal signal on the output side of said optical amplifier 
(4) may be fixed equally for the individual different 
wavelengths. 

24. A multi-wavelength optical batch amplification 
apparatus, characterized In that it comprises: 

a plurality of optical signal sources (1-1 to 1-N) 
for outputting a plurality of optical signals hav- 
ing different wavelengths from each other; 
a plurality of optical signal input lines (2-1 to 2- 
N) for transmitting the optical signals of the dif- 
ferent wavelengths from , said optical signal 
sources (1-1 to 1-N); 



10 



15 



20 



a wave combiner (3) for combining the input 
optical signals from said optical signal Input 
lines (2-1 to 2-N) into a multi-wavelength opti- 
cal signal; 

an optical amplifier (4) for amplifying the multi- 
wavelength optical signal from said wave com- 
biner (3) In a batch; 

individual Input light detection means (70) 
including a tunable optical filter for monitoring 
powers of tiie input optical signals on the input 
side of said optical amplifier (4); 
optical amplifier output adjustment means (9) 
for adjusting the output of said optical amplifier 
(4); and 

control means (IOC) for controlling said optical 
amplifier output adjustment means (9) based 
on a result of detection by said individual input 
light detection means (7C) so that the power of 
the output optical signal on the output side of 
said optical amplifier (4) may be fixed equally 
for the individual different wavelengths. 



25. A multi-wavelength optical batch amplification 
apparatus as set forth in claim 24, characterized In 

25 that said optical amplifier output adjustment means 
(9) includes a pumping light source for said optical 
amplifier (4). and said control means (IOC) controls 
said pumping light source based on the result of 
detection by said individual input light detection 

30 means (70) so that the power of the output optical 
signal on the output side of said optical amplifier (4) 
may be fixed equally for the individuai different 
wavelengths. 

35 26. A multi-wavelength optical batch amplification 
apparatus as set forth in daim 24, characterized in 
that said optical amplifier output adjustment means 
(9) indudes optical signal attenuation means pro- 
vided for said optical signal input lines (2-1 to 2-N), 

40 and said control means (lOO) controls said optical 
signal attenuation means based on the result of 
detection by said individual input light detection 
means (70) so that the power of the output optical 
signal on the output side of said optical amplifier (4) 

45 may be fixed equally for the individual different 
wavelengths. 

27. A multi-wavelength optical batch amplification 
apparatus as set forth in daim 24, characterized in 

so that said optical signal sources (1 -1 to 1 -N) are indi- 
vidually formed as adjustable output optical signal 
sources which serve also as said optical amplifier 
output adjustment means (9), and said control 
means (100) controls said adjustable output optical 

55 signal sources based on the result of detection by 
said individual input light detection means (70) so 
that the power of the output optical signal on the 
output side of said optical amplifier (4) may be fixed 
equally for the individual different wavelengths. 



27 



BNSDOCID: <EP ^0734129A2.I_> 



53 



EP0734129 A2 



28. A multi-wavelength optical batch amplification 
apparatus as set forth in claim 24. characterized in 
that said optical amplifier output adjustment means 
(9) includes a plurality of optical signal attenuation 
means for individually adjusting attenuation factors 5 
of optical signals separated from the output optical 
signal on the output side of said optical amplifier 
(4), and said control means (IOC) controls said 
optical signal attenuation means based on the 
result of detection by said individual input light 10 
detection means (7C) so that the power of the out- 
put optical signal on the output side of said optical 
amplifier (4) may be fixed equally for the Individual 
different wavelengths. 

15 



20 



25 



30 



35 



40 



45 



so 



55 



28 



BNSOOCID: <EP .07341 29A2_l_> 



EP 0 734 129 A2 










UJ 




z . 


UJ 


CD 


> 




< 


o 




o 




BNSDOCID: <EP ^0734129A2J_> 



29 



EP0 734129 A2 



to 



CVJ 

o 



DC 
UJ 

-J 
< 



< 
O 

a. 
o 



ro 




< 
O 



en 
ui 



UJ OQ 



I 




o 

CO 



o w 



I 




o 

UJ 

in 



o 
a: 

Z 

o 
o 



OLO 




BNSDOCIO: <EP ^07341 a9A2_l_> 



30 



EP 0 734 129 A2 










1 




CM 
















-J 






< 












e> 




T 


to 


1 


































o <^ 





o 
to 

CL O 

oto 





1 








OJ 
















-J 








< 














—1 CO 


iD 








CO 














ICAL 


RCE 




ICAL 

PUT 

TION 












O 






o 


to 







31 



8NS0OCID: <EP Q734129A2J.> 



EP 0 734 129 A2 



Ll. 




ro 





a: 




tu 




z 


UJ 


CD 


> 




< 


O 




o 



I 




I 


SIGNAL 


CVJ 

1 


SIGNAL 




OPTICAL 
SOURCE 




OPTICAL 
SOURCE 




32 



BNSDOCI£>: <EP. 



,0734129A2J_> 



EP0734129 A2 




BNSOCXIO: <EP. 



.0734129A2J_> 



EP 0 734 129 A2 



o 

a. 



a 
CO 

O 



> 3 



J 



c 

t 
I 

> 



> 



oo 

r-UI 

< </> 
OUJ 

< t 

til 



IjUJ 

ii 

?5 




34 



BNSDOCID: <EP 0734129A2J_> 



EP 0 734 129 A2 




35 



EP 0 734 129 A2 




BNSDOCID: <EP ^07341 29A2J_> 



36 



EP 0 734 129 A2 




FIG. 9(b) 

V 

Sig2 



FIG. 9(c) 



V 



Sig1 



BNSCXXID: <EP ^0734129A2J_> 



37 



EP0 734 129 A2 




BNSDCX:iD: <EP. 



.0734.129A2J_> 



EP0734129 A2 




39 

RlM.qncX:iD: <EP 073A129A2_L> 



EP 0 734 129 A2 



00. 



O 



cr 

lU 

a. 

o 
o 



LJ 



UiCD 

1° 



IL. 

o 
111 < 



o 

CO 



CVJ 



UJ 

-I 

Q. 



CO OJ 

i, J. 



CD 



Q 
CL 



CD 
OJ 



OJ 



OJ 



< 

OJ 
OJ 



/ 




PD 





OJ 



V 



< 

(M 



z o 
< — o 

o ^ 

O = CO 



UJ 


cc 

UJ 


1 


CD 






o 


o 


^ o 




o 



0:3 
< 00 



I 



< 



o 

UJ 



cvi 

o 

LU 



or 



TO 



c 

o 

UJ 



40 



BNSDOCID: <EP. 



.07341 29A2J_> 



EP0 734 129 A2 




41 

RNfaTOr.tD' <PP 07341 29A2 I > 



EP 0 734 129 A2 




42 



EP0 734 129 A2 




43 



BNSDOCiO: <EP, 



.07341 29A2_t_> 



EP 0 734 129 A2 




44 



EP0 734 129 A2 




eNSDCX:iO: <EP. 



J0734129A2J_> 



EP0 734129 A2 




46 



BNSOOCID: <EP. 



.07341 29A2J_> 



EP0 734129 A2 



a> 
I 




47 



BNSDOCIO: <EP ^07341 29A2J_> 



EP 0 734 129 A2 




B^4SDOCtD: <EP. 



JD734.129A2J_> 



EP 0 734 129 A2 




EP0 734 129 A2 




50 



BNSDOC1D: <EP. 



.07341 29A2J_> 



EP 0 734 129 A2 




51 



EP 0 734 129 A2 




Fiw5?nnr:ir> <fp 



0734129A2 I > 



EP 0 734 129 A2 




53 



BNSOOCIO: <EP _0734129A2J_> 



EP 0 734 129 A2 




54 



BNSDOCID: <EP ^07341 29A2J_> 



EP0 734129 A2 




55 



BNSDCX:iD: <EP p734129A2J_> 



EP 0 734 129 A2 




BKSOOCID: <EP 07341 29A2J_> 



56 



EP0 734129 A2 




SNSOOCID: <EP. 



0734129A2J_> 



EP0 734129A2 



o 
ro 

o 




BNSDOCID: <EP 07341 29A2_L> 



58 



EP 0 734 129 A2 




EP0 734129 A2 




60 



BNSIDOCID: <EP. 



JD734129A2_I_> 



EP 0 734 129 A2 




61 



BNSDOCIO: <EP P734129A2J_> 



EP0 734129 A2 



ro 
o 
iZ 



to 

CD 

iZ 



I I I » 



+ 



"2 ^ 

^ CD 
Z 
Ul 

CsJ -J 
x< UJ 

i 



cr 
ui 



(M) iHon ind±no 



■4— »- 



(M) iHDH ±ndino 



CM O 



rO 


X 


ON 




1- 
o 


1- 




z 


GL 


CM 


Ui 


Z> 

%^ 




UJ 






1 


UJ^ 
Ht 






5q 






Z 

too 



ro 

CD 



■4 1 1- 



rO f o 
^ o fl 
z ^ 



(M) iHon xndxno 



BNSDOCID: <EP p734129A2J_> 



62 



EP0 734 129 A2 




63 



BNSOOCiO: <EP ^07341 29A2J_> 



THIS PAGE BLANK (uspto) 



(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europ^en des brevets (11) EP 0 734 129 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

07.05.1997 Bulletin 1997/19 

(43) Date of publication A2: 

25.09.1996 Bulletini 996/39 

(21) Application number: 95119326.7 

(22) Dateof filing: 07.12-1995 



(51) IntCL^: H04J 14/02. H04B 10/17 



(84) Designated Contracting States: 


• Yamane, Kazuo, 


FR GB iT 


c/o Fujitsu Limited 




Kawasaki-Shi, ICanagawa 211 (JP) 


(30) Priority: 20.03.1995 JP 61386/95 


• Shima, MIchikazu, 




c/o Fujitsu Limited 


(71) Applicant: FUJITSU UMITED 


iCawasaki-shl, ICanagawa 211 (JP) 


Kawasaki-Shi, Kanagawa 211 (JP) 






(74) Representative: Lehn, Werner, Dipl.-lng. et al 


(72) Inventors: 


Hoffmann, Eitle Se Partner, 


• Itou, Hiroyuld, 


Patentanwalte, 


c/o Fujitsu Hoklcaido Dig Tech Ltd 


Arabellastrasse 4 


Sapporo-Shi, Hokkaido 060 (JP) 


81925 IMunchen (DE) 



CO 

< 

a> 

CM 

CO 

1^ 



(54) Multi-wavelength optical batch amplification apparatus 



(57) The invention provides a multi-wavelength opti- 
cal batch amplification apparatus wherein, upon batch 
amplification of a multi-wavelength input optical signal, 
the powers of optical signals on the input and output 
sides of an optical amplifier are monitored totally or indi- 
vidually to control the powers of optical signals of the 
output optical signal of the optical amplifier so that they 
may be fixed equally. The apparatus includes an entire 
input light detection section (7) for monitoring the power 
of the entire input optical signals on the input side of the 
optical amplifier (4). an individual output light detection 
section (8) for monitoring the powers of the output opti- 
cal signals on the output side of the optical amplifier (4), 
an optical amplifier output adjustment section (9) for 
adjusting the output of the optical anplifier (4). and a 
control section (10) for controlling the optical amplifier 
output adjustment section (9) based on results of detec- 
tion by the entire input light detection section (7) arrd the 
individual output light detection section (8) so that the 
powers of the output optical signals on the output side of 
the optical amplifier (4) may be fixed equally. 
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